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Plate  6. — Graham  through  tube  vertical  marine  boiler, 

Ths  aim  of  the  author  in  designing  this  boiler  was  to  avoid  the  faults  of  the  ordiimrr  te 
boiler,  such  as  inadequate  heating  surface ,  large  spara  required  and  ejcessive  weight  for  i 
developed'  Capacity  about  2i^  times  that  of  the  ordinary  boiler.  Designed  strictly  in  a< 
ance  with  the  requirements  of  the  A-S.M.E.  Boiler  Codt. 
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NOTE 


In  planning  this  helpful  series  of  Educators,  it  has  been  the 
aim  of  the  author  and  publishers  to  present  step  by  step  a 
logical  flan  of  study  in  General  Engineering  Practice,  taking 
the  middle  ground  in  making  the  information  readily  available  and 
showing  by  text,  illustration,  question  and  answer,  and  calcula- 
tion, the  theories,  fundamentals  and  modem  applications,  includ- 
ing construction  in  an  Interesting  and  easily  understandable 

form. 

Where  the  question  and  answer  form  is  used,  the  plan  has 
been  to  give  short,  simple  and  direct  answers,  limited  to  one 
paragraph,  thus  simplifying  the  more  complex  matter. 

In  order  to  have  adequate  space  for  the  presentation  of  the 
important  matter  and  not  to  divert  the  attention  of  the  reader, 
descriptions  of  machines  have  been  excluded  from  the  main 
text,  being  printed  in  smaller  type  under  the  illustrations. 

Leonardo  Da  Vinci  once  said: 

"Those  who  give  themselves  to  ready  and  rapid  practice  . 
before  they  have  learned  the  theory,  resemble  sailors  who  go 
to  sea  in  a  vessel  without  a  rudder 

— in  Other  words,  "a  little  knowledge  is  a  dangerous  thing.*' 
Accordingly  the  author  has  endeavored  to  give  08  much  infor^ 
motion  as  possible  in  the  space  allotted  to  each  subject. 

The  author  is  indebted  to  the  various  manufacturers  for 
their  co-operation  in  furnishing  cuts  and  information  relat- 
ing to  their  products. 

These  books  will  speak  for  themselves  and  will  find  theii 
place  in  the  great  field  of  Engineering. 
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CHAPTER  69 
HOW  TO  OPERATE  A  BOILER 

A  boiler  is  a  dangerous  device  in  the  hands  of  an  inexperienced 
operator,  hence  a  thorough  knowledge  of  its  behaviour  under 
varying  conditions  is  necessary  for  safety.  This  knowledge 
should  be  obtained  both  by  study  and  by  operating  under  the 
guidance  of  a  competent  engineer.  The  term  operation,  broadly 
speaking,  embraces: 

1.  Installation. 

2.  Running. 

3.  Care. 

4.  Repair. 

1.  INSTALLATION 

The  subject  of  boiler  settings  has  been  treated  at  such  great 
length  in  Chapter  76,  that  nothing  more  need  be  said  here. 
Installation,  however,  involves  not  only  the  setting  of  the  boiler, 
but  its  proper  location  and  connections  as  well, 

Ques.    Where  should  a  boiler  be  located? 

Ans.     As  near  the  engine  as  possible. 
Oues.    Why? 

Ans.  To  reduce  the  loss  of  heat  in  the  pipe  line,  and  thtis 
deliver  steam  to  the  engine  with  minimum  moisture,  or  minimum 
loss  of  superheat,  according  as  the  boiler  furnishes  saturated  or 
superheated  steam. 
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The  short  pipe  line,  moreover,  costs  less,  gives  less  trouble  and  because 
of  its  less  f fictional  resistance,  delivers  steam  to  the  engine  with  less  drop. 

Ques.    Where  should  the  mahi  steam  outlet  on  the 
boiler  be  located? 

Ans.    At  the  end  which  will  give  the  shorter  pipe  line  between 
engine  and  boiler. 

This  outlet  should  be  connected  to  a  so  called  dry  pipe  inside  the  boiler, 
running  the  entire  length  of  the  shell.    A  full  length  dry  pipe  should  be 


CLOSE.  Elbow 


LONG  LENGTH  OF  PIPE 

GOOD 
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Pig.  4,033. — Right  and  wrong  methods  of  piping  boiler  and  engine  of  steam  vessel.  A,  shows 
short  steam  pipe  with  longj  sweep  fittings,  or  made  in  one  piece  bent  to  easy  curve.  This 
arrangement  gives  the  minimum  resistance  to  steam  flow  and  minimum  radiation  loss.  B, 
shows  a  very  objectionable  method,  and  represents  the  actual  piping  which  the  author  once 
saw  in  a  U.  S.  Navy  launch.  Note  the  extra  length  of  pipe  due  to  placing  the  h.p.  cyl.  aft, 
also  the  close  elbows.  This  arrangement  will  give  considerably  more  pressure  drop  between 
boiler  and  engine  and  radiation  loss  than  the  arrangement  at  A.  The  author  cannot  think 
of  any  reason  that  would  justify  turning  the  engine  around  backward,  as  in  arrangement  B. 
and  considers  the  whole  arrangement  very  objectionable. 

insisted  upon,  regardless  of  ordinary  practice  or  suggestions  of  boiler 
makers  to  the  contrarj'^.  Of  course  in  marine  practice  the  dry  pipe  should 
not  be  so  long  that  its  ends  might  become  submerged  by  disturbance  of 
the  water  due  to  rolling  of  the  vessel. 

Ques.    What  important  provision  stiould  be  made  in 
erecting  the  piping  between  boiler  and  engine? 


HOfV  TO  OPERATE  A  BOILER  2,265 

Ans,     These  should  be  so  inclined  that  the  condensate  will 
drain  toward  the  engine — not  toward  the  boiler.*! 
This  point  is  illustrated  in  ig.  6,012  and  6,013,  page  2,816. 

Ques.    What  should  be  interposed  between  boilers  and 
engines  ? 

Ans.     Where  possible  the  space  should  be  divided  by  a  brick 


id  bad  practice ,_  ________  ,_ .__, 

1  a.  canstuit  bath  of  grinding  matter  from  the  boiler 

a.  1,034.    The  result  of  providing  a  door  between  be 

^      ,035.    Thisdoorisalwayskeptopen,  eapeciBlly  when 

ig  the  ashes  and  the  only  way  to  keep  such  doors  closed  is  to  ma 

Bt  KJlia  DncK.  aa  in  fig.  *,03*. 

•  NOTE.— The  fallacy  of  eipectmg  the  condensate  to  diain  back  into  the  boile 

pipe  toward  the  boiler  as  it  seema  that  the  proper  place  tor  the  water  is  in  the  boiler 
dnin  for  the  pipe  should  go  there.  He  will  learn  that  the  drain  will  not  fiow  bade  a 
current  of  steam.  He  will  also  learn  that  when  the  load  is  light  and  the  current  of  ate 
and  apparently  largely  along  the  top  of  the  pipe  the  water  will  loaf  along  the  pii>e,  H 
pockets,  etc..  and  when  a  heavy  pull  conws  on  the  engine  it  will  all  come  over  in  b 
that  it  a  better  to  slope  lowrard  the  engine  so  aa  to  drain  all  the  time  and  avoid 

r  NOTE. — Improper  attention  were  given  to  correct  methods  of  collecting  tb 
within  the  boiler  bj'  providing  well  designed  dry  pipes,  e<q)arator,  eto.,  ond  also  to  i 

the  author's  boiler  (page  2.4081,  lirec  devices  are  provided  for  securing  dry  or  eatutalei 
a  Kpontor,  collector  or  so  called  dry  pipe,  and  an  external  dryer. 
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wall  or  partition  so  that  coal  dust,  ashes,  etc.,  will  not  be  blown 
into  the  engine  bearings,  as  in  fig.  4,034. 

If  the  wall  be  perforated  with  doqrs,  it  is  rendered  useless,  as  the  doors 
are  invariably  left  open,  if  not  removed  from  their  hinges,  hence,  a  wall 
to  be  an  effective  protection  for  the  engine  should  have  no  openings. 


Ques.    What  mistake  is  usually  made  in  the  design  of 
boiler  houses? 


Figs.  4,036  and  4 ,037. — ^Poor  provision  for  draught  in  boiler  room.  Where  the  air  must  come 
in  through  a  door  located  at  the  end  of  the  room,  evidently  the  boiler  nearest  the  door  will 
get  most  of  the  air  and  the  others  less  and  less,  leaving  hardly  any  air  for  the  most  remote 
Boiler.  When  the  door  is  closed  as  in  cold  weather,  fig.  4,037,  the  draught  in  all  the 
boilers  will  be  very  poor,  the  only  air  available  being  that  which  leaks  in  through  cracks^ 
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Ans.     Usually,  there  is  no  provision  for  equalized  draught  in 
the  case  of  a  battery  of  boilers. 

Where  air  comes  in  from  a  door  at  one  end,  the  boiler  nearest  the  door 
gets  the  greatest  proportion  of  air,  thus  the  draught  in  the  other  boilers  is 
not  so  satisfactory.  In  cold  weather  the  door  and  att  other  openings  are 
closed  tight  and  the  fireman  wonders  why  there  is  no  draught. 


Pic.   4J)38.— Sturteroiit 
wheel    of    high    Ipead 

blade  hu  hot  p 
cup  shiped  dep 

"*d*tenf*w    

it  Blipl^nK  along  th 
Uada  to  the  side  of  th 
wheel  oppd^te  the  il 


2.  RUNNING 


The  term  running  is  broadly  used  here  to  comprise  the  various 
duties  to  be  performed  in  operating  a  boiler,  sudi  as: 
1 .   Tnsnention  before  trf-ttimr  im  stfiam . 
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2.  Getting  up  steam. 

3.  Firing  methods. 

4.  Water  tending. 

6.  Meeting  fluctuating  loads. 

6.  Banking  fires, 

7.  Blowing  off. 


Inspection  Before 
Getting  up  Steam. — 

This  embraces  1,  the 
annual  inspection  made 
by  the  Government 
official  to  determine 
whether  the  boiler  be  in 
safe  condition  to  with- 
stand the  working  pres- 
sure, and2,  the  ordinary 
inspection  that  should 
be,  but  usually  is  not, 
made  by  the  man  in 
charge. 

An  engineer  on  first 
taking  chaise  of  a  plant, 
should  trace  out  all  the 
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ine  Iron  Works  t«t  pump.   Suction: , 

1st  500  pounds  hydToEtatic  pressure.    The  looB  stanoioff  oase  u  c 

B  and  yard  use.    For  shipboard  a  aQuare  base  for  fastening  down  is  m..^^ 

R  the  cylinder  is  □£  Aemi'SteeU    piston  rod  br^ss;    piston  (packed)  1 


pipe  lines  and  note  condition  of  same;  he  should  carefully 
•examine  the  safety  valve  and  blow  off  valve  and  see  that  botli 
are  in  proper  working  order,  likewise  the  gauge  cocks  and  water 
gauge  should  be  gone  over,  removing  plugs  in  the  connection  to 
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column  and  inserting  a  rod  to  ascertain  that  the  piping  is  clear 
of  obstructions. 

The  check  valve  on  the  feed  line  should  be  examined  and  reground  if 
necessary,  so  that  it  will  seat  properly. 

The  injector  and  feed  pump  should  also  receive  proper  attention;  in  fact, 
every  precaution  should  be  taken  that  the  feed  system  is  in  proper  working 
order  before  getting  up  steam,  especially  if  the  boiler  be  of  the  water  tube 
type .  Of  course  a  steam  test  is  necessary  to  know  absolutely  that  the  feed- 
ing apparatus  is  in  working  order,  but  a  thorough  examination  before 

U,S,  Marine  RttieB* — DriUing  to  determine  thickness. 

6.  The  shell  of  any  boiler  which  has  reached  the  age  of  10  years  shall,  at  the  first  annuat 
inspection  thereafter,  and  at  such  subsequent  periods  as  the  local  supervising  inspectors  may 
deem  necessary,  be  drilled  near  the  water  line  and  at  such  other  i>oints  in  the  shell  as  ma^  be 
necessary  to  determine  as  nearly  as  possible  the  thickness  of  material,  which  ascertained  thick-- 
ness,  together  with  the  general  condition  of  the  boiler,  shall  govern  the  steam  pressure  allowed. 
(Sees.  4418,  4430.  R.  S.) 

7.  The  hydrostatic  pressure  applied  shall  be  in  the  proportion  of  150  pounds  to  the  square- 
inch  to  100  pounds  to  the  square  inch  of  the  steam  pressure  allowed,  and  the  inspector,  after- 
applying  the  hydrostatic  test,  shaU  thoroughly  examine  every  part  of  the  boiler.  (Sec.  4418» 
R.  S.) 

9.  The  diameter  of  rivets,  rivet  holes,  distance  between  centers  of  rivets,  and  distance 
from^  centers  of  rivets  to  edge  of  lap  for  ^different  thicknesses  of  plates  for  single  and  double 
riveting  shall  be  determined  by  the  following  rules. 

3.  Whenever  any  inspector  shall  find  it  necessary,  in  conducting  his  investigations  or  ill. 
the  performance  of  any  of  his  duties,  to  obtain  testimony  from  the  inspectors  of  other  districts*, 
he  shall  request  the  same  through  the  supervising  inspector.    (Sec.  4405,  R.  S.) 

4.  Local  inspectors,  at  their  annual  inspections  of  steam  boilers,  may  cause  to  be  removed 
from  the  surface  of  such  boilers  as  are  covered  so  much  of  said  covering  as  may;  be  necessary- 
to  enable  them  to  examine  parts  of  the  boilers  which  can  not  be  pr(^>erly  examined  from  the 
inside,  and  shall  examine  in  a  thorough  and  careful  manner,  when  practicable,  either  externally 
or  internally,  all  parts  of  the  shell  of  every  boiler;  and  the  masters  engineers,  and  owners  of 
every  steam  vessel  shall  afford  every  facility  necessary  to  carry  out  in  the  most  effective  and 
efficient  manner  the  provisions  of  this  section,  and  in  no  case  shall  an  intermediate  inspection 
be  deemed  any  i>art  of  the  regular  annual  inspection.    (Sees.  4405,  4418,  R.  S.) 

6.  It  shall  be  the  duty  of  the  inspector  who  inspects  the  boilers  of  any  steamer  to  actually 
enter  the  boilei'  or  boilers  where  it  is  possible  to  do  so,  and  to  thoroughly  examine  the  interior 
of  all  such  boilers  to  see  that  the  braces  are  in  place  and  of  proper  size ,  and  to  determine.whether 
the  boilers  are  in  good  condition,  before  granting  a  certificate  of  inspection,  such  examinations 
to  be  made  after  tne  hydrostatic  preissure  has  been  applied .  A  record  shall  be  made  in  the  boiler 
inspector's  report  of  inspection  showing  whether  or  not  the  inspector  did  actually  enter  the 
boiler,  and  if  he  did  not  enter  the  boiler,  he  shall  give  his  reasons  for  not  entering  it.  (Sees. 
4405, 4418,  R.  S.) 

0.  It  shall  be  the  duty  of  both  the  hull  and  boiler  inspectors  to  be  present  when  the  boiler 
is  being  tested  by  hydrostatic  pressure,  and  the  hull  inspector,  as  well  as  the  boiler  inspector » 
shall  observe  and  note  the  indication  upon  the  gauge. 

A,S.M,E,  Boiler  Code,— 'Test  gauge  connedion, 

298  Each  boiler  shall  be  x>rovided  with  a  M'inch  pipe  size  valved  connection  for  attaching- 
a  test  gauge  when  the  boiler  is  in  service,  so  that  the  accuracy  of  the  boiler  steam  gauge  can  be- 
ascertained. 


HOW  TO  OPERATE  A  BOILER 


getting  up  steam 

sary  delay ,  and  per- 
haps also  the  un- 
pleasant task  of  re- 
packing  a  hot 
stuffing  box,  clean- 
ing an  m jectoT  tube, 
etc. 

Qiills  down  the 
back  or  nervous 
prostration  may  be 
avoided  by  giving 
proper  attention  to 
the  blow  off  valve 
before  raising  steam 
as  previously  men- 
tioned, as  a  blow 
off  valve  that  ob- 
jects to  b^g  closed 
will  cause  an  un- 
comfortable half 
hour — this  applies 
also  to  the  so  called 
ball  or  weighted  gauge 
cocks  which  require 
packing, 

Oues.  What 
;  s  e  should  be 
me  before  get- 
aft  up  steam? 

Ahs.  The  boiler 
otJd  be  filled  with 
Iter  to  the  proper 
vel, 

:.  4,040. — GxpeiieHCe  of 
the  author  with  ball  or 
nishud  valve  ^use  cocks 
irbeQ  tha  paclnn*  blew — 
the  author  does  not  lecom- 
mmdtticsacocliBwhe 
bail«  i»  _plaoed  in  a 

Mop  tbe  Sow  of  Bb 
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Getting  Up  Steam. — The  ordinary  way  of  staxtjijg  th^,.(ife,is 
to  throw  in  all  the  wood  the  furnace  will  hold,  saturate  the  mass 
with  kerosene  and  apply  a  match .  This  way  of  doing  it  indicates 
either  ignorance,  or  a  desire  to  help  the  repair  man.  The  author 
confesses  that  this  was  his  favorite  method  of  starting  a  fire,  but, 
he  was  operating  a  small  water  tube  boiler,  so  constructed  that 
sudden  heating  and  expansion  o£  some  of  the  parts  would  not 
cause  any  imdue  stresses,  suc3i  as  would  result  for  instance  in 
a  vertical  tubular  boijer  where  the  same  kind  of  treatment 


G.  1,041. — Method  of  stBTtuw  the  Rn;  The  thin  layer  of  coal  protectB  the  gi 
maM  of  wood  ia  best  igofted  by  lighting  paper  in  the  ash  pan.  In  Ihii  way 
wood  ifi  secured  in  several  places  at  once  instead  of  only  at  a  single  pranC. 


would  almost  persuade  the  furnace  walls  to  force  the  tubes  out 
of  both  tube  sheets. 

The  fireman  should  understand  the  characteristics  of  the  boiler 
he  is  operating — what  it  will  and  will  not  stand. 

Ques.    How  should  the  Are  be  started? 

Ans.  Spread  a  thin  layer  of  coal  over  the  grate,  then  some 
paper  and  a  moderate  am,ount  of  wood.  It  is  best  ignited  by 
burning  some  paper  in  the  ash  pan,  or  in  the  case  of  a  large  boiler, 
some  oily  waste  may  be  placed  in  the  interstices  of  the  wood. 
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Ques.  What  precaution  should  be  taken  upon  lighting 
the  fire? 

Ans.  The  draught  shotild  not  be  too  strong,  as  tinequal 
expansion  of  the  metal  will  cause  leakage  in  the  tubes,  seams  or 
rivets. 


FlO.  4,042.^-Eoerting  external  hydroldneter  attached  to  a  Scotch  boiler.  This  ty|>e  of  boiler 
eq>eda]ly,  often  suffers  on  account  of  unequal  distribution  of  heat,  resulting  in  unequal 
expansion  of  the  boiler,  and  leaky  joints.  In  operation  the  hydrokineter  draws  the  cold 
water  from  the  lower  points  and  forces  it  to  the  highest  water  level,  that  is,  to  the 
hottest  wat^  so  that  a  vigorous  circulation  of  water  is  accomplished.  MardpuiaUons 
open  valve  W,  and  the  air  cock  A,  vmtil  water  appears,  then  shut  cock  A,  open  starting 
cock  O,  and  then  the  steam  valve  S,  then  slowly  close  starting  cock  O. 

There  is  special  danger  in  fire  tube  boilers,  where  the  great  body  of  water 
in  the  lower  part  of  the  water  chamber  remains  quite  cold,  and  is  liable 
to  set  up  severe  racking  strains ,  if  the  upper  part  be  heated  qtuckly  by  forcing 
the  fire. 


Ques.    What  should  be  done  as  soon  as  the  wood  is  well 
lotted? 

Ans.    Coal  should  be  added,  a  little  at  a  time. 


HOIV  TO  OPERATE  A  BOILER 


2,273 


This  will  hold  the  fire  in  check  and  prevent  sudden  heating  of  the  metal. 

Ques.  What  other  methods  are  employed  to  prevent 
uneven  heating  of  the  water  in  lai^e  fire  tube  boiler$, 
especially  Scotch  boilers? 

Ans.  One  method  is  by  heating  with  steam,  taken  from  a 
donkey  boiler,  the  steam  is  blown  directly  into  the  cold  water 


^#g^ 


^"'*T^  \ 


Pig.  4,043. — Koerting  internal  hydrokineter  for  increasing  the  circulation  in  boilers.  In  this 
tyipe  the  force  of  the  feed  water  is  used  to  draw  the  cold  water  from  the  bottom  of  the 
boiler  and  to  force  it  into  the  upper  water  levels.  The  apparatus  is  connected  and  works 
on  the  eductor  principle.  In  operation,  feed  water  enters  at  P,  and  in  passing  through 
the  hydrokineter  C,  draws  up  cold  water  from  the  bottom  of  the  boiler  through  pipe  S, 
discharging  at  D,  thus  causing  a  circulation. 


through  a  hydrokineter,  or  nozzle  system  similar  to  an  injector, 
thus  both  heating  and  aiding  the  circulation.  Another  method 
is  by  pumping  cold  water  from  the  bottom  to  the  top  of  the  boiler. 

Frequently  the  cold  water  is  blown  out  by  the  bottom  blow  valve,  and 
the  boiler  is  filled  up  again  with  the  pump,  by  which  process  the  warmer 
water  at  the  top  gradually  sinks  to  the  lower  parts  of  the  boiler.  With 
such  additional,  artificial  circulation,  steam  may  be  raised  much  more 
rapidl)r  than  when  accomplished  without  such  help,  and  it  does  not  strain, 
the  boiler  excessively. 
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Ques.  What  should 
be  done  before  steam 
b^ins  to  form? 

Ans,  The  gai^e  cocks 
or  safety  valve  should  be 
opened  so  that  when  steam 
forms  it  may  drive  out 
the  air. 

Ques.    Why? 

Ans.  The  air,  if  not 
removed,  would  work 
through  to  the  condenser 
and  retard  the  vacuum, 
moreover  its  presence 
would  furnish  oxygen 
which  would  be  active  in 
corroding  the  boiler. 

Ques.  Why  open 
ftauge  cock  histead  of 
the  safety  valve? 

Ans,  Air,  being  heavier 
than  steam,   will   be  next 

Pig.  4.041. — Method  of  eipelling  air  from  boiler  in  ^ttitieup  steam.    Air  being  heavier  than 
out  all  tbe  air  open  the  water  g«uge  cock  (nearest  above  waUr  line)  and  not  the  ■afeli'  valve. 

;he  water,  while  the  steam  will  rise,  hence  the  air  should  be 
jxpelled  at  a  point  as  near  the  water  line  as  possible, 

Ques.    When  steam  forms  what  should  be  done? 

Ans.     The  safety  valve  and  gauge  cocks  should  be  closed,  and 
;he  steam  gauge  should  at  once  be  observed. 
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If  the  hand  remain  on  the  pin  for  any  length  of  time,  the  gauge  is  not 
in  proper  working  order.  It  is  in  a  condition  termed  **slow"  that  is,  the 
pressure  on  the  boiler  will  be  greater  than  that  indicated  by  the  gauge,  and 
it  should  be  repaired  at  the  earliest  opportunity. 

Ques.  What  attention  should  be  given  to  the  water 
gauge? 

Ans.  The  water  level  should  be  observed.  If  it  appear 
stationary  or  "dead,**  see  that  the  valves  are  open. 

If  the  p;auge  be  working  i>roperly,  the  water  level  will  fluctuate  up  and 
down,  this  being  quite  marked  m  some  water  tube  boilers* 

To  test  the  gauge,  open  the  blow  cock  and  let  the  steam  blow  all  the  water 
out  of  the  glais.  Close  the  cock  and  if  all  the  connections  be  dear,  the 
water  will  at  once  rise  to  its  former  level. 

A  final  test  is  by  the  gauge  cocks.  When  the  water  line  appears  dead 
it  should  jdways  be  regarded  with  suspicion. 

Ques.  What  should  be  done  when  steam  is  up  to  the 
desired  pressure? 

Ans.  If  no  steam  is  being  used,  the  fire  should  be  checked  by- 
closing  the  damper,  a  little  coal  being  thrown  on,  being  careful  to 
spread  it  well. 

Both  dosing  the  damper  and  throwing  on  the  coal  tends  to  prevent  a 
further  rise  of  pressure. 

Ques.  What  should  not  be  done  when  steam  is  up  to 
the  desired  pressure? 

Ans,  The  hinges  of  the  fire  door  should  not  be  dislocated  by 
throwing  it  open,  as  is  customary. 

A  damper  is  placed  in  the  stack  for  the  purpose  of  checking  the  fire. 
When  the  door  is  opened,  the  sudden  inrush  of  cold  air  striking  the  highly 
heated  surfaces,  cause  rapid  cooling  of  the  metal  with  unequal  contractor 
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thus  subjecting  the  boiler   to  severe  strains  which  will  eventually  call  for 
repairs* 

Ques.    Why  should  the  ash  pit  doors  be  left  open  at  all 
times  ? 

Ans.     To  prevent  the  grate  bars  becoming  overheated,  thiis 
prolonging  their  life. 


WELDED 


8' 


I"  STANDARD  PiPE 


I" ROUND  BAR  WELDED 
TO  END  OF  PIPE  AND 
BLADE  RIVETED  TO  IT. 


Figs.  4,045  to  4,047. — ^Fire  tools  as  recommended  by  the  Bureau  of  Mines  showing  constnictioii 
and  dimensions. 


Ques.    How  is  the  fire  tended  after  raising  steam? 

AnS.     The  firing  must  be  done  in  such  manner  that  the  pre? 
scribed  steam  pressure  is  held  as  steady  as  possible. 

The  ideal  method  of  firing,  as  approximated  with  a  gas  or  oil  fire,  is  to 
produce  from  the  furnace  a  steady  flow  of  fire  gases,  of  such  temperature 
and  such  volume  as  will  evaporate  from  the  heating  surface  the  exact  vol- 
ume of  steam  required  for  opreating  the  engine  and  its  auxiliaries. 
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Ques.    How  far  is  this  condition  realized  In  tlie  ordinary 
manner  of  firing  coal  ? 

Ans.     It  results  in  a  rather  unsteady  steam  pressure,  particu- 
larly in  the  case  of  water  tube  boilers. 

The  firing  mustbedoneso  that  thefluctuations  are,  at  least,  held  within 


Firil^  Methods. — Boilers  may  be  fired  by  hand  or  by 
mechanical  stokers.  Firing  by  hand  is  a  laborious  and  as  usiially 
done,  an  inefficient  process. 

There  are  four  methods  of  hand  firing,  each  of  which  has  its 

advantages  and  faults.     These  methods  are; 
1 .  Spreading  methods : 

a.  Even  spread. 

b.  Alternate  side  spread. 

c.  Alternate  front  and  back  spread. 


2.  Coking  method. 
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Even  Spread  Firing. — In  this  system,  the  fireman  spreads  the  coal 

evenly,  beginning  at  the  back  of  the  grate  and  working  toward  the  door. 
The  intervals  between  firing  and  the  amount  of  coal  fired  at  each  time  vary 
with  the  experience  of  the  engineer  in  charge  and  with  the  kind  of  coal  and 
amoimt  of  draught  in  use.  Some  coals  burn  better  with  a  thick  fire,  with 
the  coal  fired  in  large  quantitiea  at  long  intervals;  others  give  better  results 
with  a  moderately  thick  fire,  using  a  shorter  interval  and  a  smaller  charge 
of  coal.  The  most  economical  methods  of  burning  various  coals  un<ter 
varying  draughts  can  be  determined  only  by  experiment,  and  the  economical 
working  of  the  plant  depends  entirely  on  the  attention  gi-en  to  these  points 
by  the  engineer  in  chai^. 


Pic.   4, MS  .—Pressure   Ortni    curves  for   some  weU  known  tnilen.     Since 

of  the  fuel  bed  is  ofdinarily  the  only  changeable  resistance  in  &  boiler  draft  i 

tw  said  that  the  weight  of  gases  vaiies  inveraely  as  the  resistance  of  the  fuel  bed,  th( 
pressuredropremainmeconataqt.  Leas  heat  b  delivered  to  the  boiler  when  the  rf" 
through  the  fuel  bed  iscreases.  the  initial  temperature  of  the  gas  and  the  total 

As  regards  efficiency,  there  is  not  much  difierence  between  a  thick  and 
a  thin  f&e,  unless  it  be  too  thick  or  too  thin. 

If  the  fire  be  too  thick,  say  over  10  inches  to  12  inches,  with  different 
coals,  the  air  Supply  will  be  choked,  and  incomplete  combustion  with  the 
formation  of  carbonic  oxide  will  result;  and  the  carbonic  oxide  will  escape 
unbumed  with  a  great  loss  in  economy.  If  the  fire  be  too  thin,  say  under 
5  inches  to  6  inches,  with  different  coals,  holes  are  more  liable  to  be  burned 
in  it,  giving  an  excess  of  air,  wiUi  a  consequent  loss  of  economy  and, 
perhaps,  damage  to  the  boiler.  The  best  thickness  depends  upon  the  quality 
and  the  size  of  the  coal,  the  draught  and  the  rate  of  firing. 

Objections  to  the  even  spread  system  are: 

1.  When  the  coal  is  spread  evenly  over  the  whole  grate,  the  fine  coal 
chokes  the  air  passages  through  the  bed  of  coke  on  the  grate  and  reduces 
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the  air  supply  at  the  time  when  it  is  most  needed  to  bum  the  water  gas 
and  hydrocarbon  gases  distilled  from  the  fresh  coal. 

2.  When  the  coal  is  first  fired,  if  spread  evenly  over  the  furnace,  the 
moisture  in  the  coal  is  distilled  from  it,  a  cooling  process  which  is  taking 
place  all  over  the  grate. 

3.  The  formation  of  water  gas  when  the  steam  in  (2)  is  brought  in  con- 
tact with  the  highly  h^ted  carbon  on  the  grate  is  a  cooling  process  and 
also  takes  place  all  over  the  grate. 

4.  The  formation  of  smoke  due  to  the  incomplete  combustion  spoken  of 
in  (1). 

Alternate  Side  Spread  Firing  System. — ^This  system  seems  to  have  all 
of  the  advantages  of  the  coking  system  without  its  disadvantages.  It 
consists  of  spreading  fresh  coal  on  one  side  of  the  grate  over  its  whole  length, 
then  over  the  other  side,  alternately,  at  equal  intervals  of  time.  Instead 
of  covering  the  whole  grate  with  fresh  coal  at  long  intervals,  only  half  of 
the  grate  is  covered  at  each  firing  and  the  firing  mterval  is  shortened  to 
one-half  the  time. 

After  each  firing  the  volatile  gases  from  the  fresh  coal  rise  from  it,  and 
become  mixed  with  the  hot  gases  and  hot  air  from  the  other  half  of  the 
grate,  resulting  in  more  complete  combustion  and  less  snipke.  With  this 
system  of  firing,  economical  and  smokeless  combustion  depend  in  a  large 
measure  upon  the  skill  of  the  fireman,  but  more  especially  upon  the  size  of 
the  combustion  chamber  space  and  the  opportunity  it  afford  for  the  thor- 
ough admixture  of  two  currents  of  gas.  Alternate  firing  is  of  no  use  unless 
there  is  ample  combustion  chamber  space  in  which  the  two  currents  of  gas 
are  mixed  and  the  smoke  is  burned  before  the  gases  come  in  contact  with 
the  comparatively  cool  heating  surfaces. 

Alternate  Front  and  Back  Spread  Firing, — ^This  system  is  the  same 
as  that  above  except  that  the  fresh  coal  is  alternately  fired  on  the  front 
and  back  halves  of  the  grate,  instead  of  the  right  and  left  halves.  The  action 
of  the  gases  is  the  same  and  the  results  are  practically  the  same. 

Improper  firing  is  probably  the  most  common  of  all  the  many  causes  of 
poor  economy  of  steam  boilers.  Often  the  fact  that  an  improper  method 
of  firing  is  being  used  can  be  ascertained  by  careful  observation,  but  at  times 
it  can  only  be  discovered  by  a  series  of  systematic  tests. 

In  ^me  tests  on  a  furnace  equipped  with  three  firing- doors,  the  Bureau 
of  Mines  used  the  following  spreading  method :  The  rear  half  of  the  section 
of  grate  fired  through  doors  1  and  3  and  the  front  half  of  the  section  fired 
throurfi  door  2,  were  fired  at  the  same  time.  At  the  next  firing,  the  front 
half  ofthe  section  of  grate  fired  through  doors  1  and  3  and  the  rear  half  of 
that  fired  through  door  2  were  fired. 
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Fics.  4.050  and  4.061, — Alteraste  side  tprtad  i 
fig.  4,0Slfnshcf«l  put  on  left  side.  The 
Qwead.  In  some  cases  a  boiler  that  requires 
reQuire  n  fire  on  the  liglit  aide  every  10  miiii 
.     T..  ..f_. i_i._, —  gj^  firings.    The  gas 


alshou 


E.  4.06D.  tnih  coal  pi 


r  lOm 


ini^t. 


I*S 


a  hotter  fill 
is  burned  if 


the  hot.  clear  fire  on  th( 
leaf,  the  opposite  side  ia  fired,  thus  the  clear  fire ' 
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The  Coking  Method, — In  this  system  the  fresh  coal  is  piled  on  the 
front  of  the  grate,  while  the  rear  half  is  covered  with  partially  burned  coke. 
The  gases  distilled  from  the  fresh  coal  then  pass  over  the  rear  half  of  the 
grate,  through  which  an  excess  of  air  is  entering,  the  air  being  highly  heated 
as  it  passes  through  the  bed  of  coke.  The  two  gases,  one  containing  the 
distilled  gases,  the  other  the  heated  air,  intermingle  in  the  combustion 
chamber,  or  in  the  combustion  space  of  a  water  tube  boiler,  and  are  com- 
pletely burned  to  carbon  dioxide  and  steam. 

In  the  coking  method,  fresh  coal  is  fired  at  considerable  depths  at  the 
front  of  the  grates,  and  when  nearly  or  wholly  coked,  is  pushed  to  the  back 
of  the  furnace.  The  object  is  to  maintain  a  bed  of  incandescent  carbon  at 
the  rear  of  the  grate,  in  passing  over  which  the  volatile  gases  from  the  green 
coal  at  the  front  will  be  bumSi.  This  method  is  particularly  adapted  to 
furnaces  wherein  gases  pass  horizontally  over  the  fire. 

Before  each  firing  the  coked  fuel  is  pushed  back,  leaving  about  one-third 
of  the  grate  bare  and  all  of  the  g^-een  fuel  is  fired  on  the  bare  grate .  The  fire 
door  is  cracked  slightly  to  admit  air  for  the  volatile  gases. 

Hays  says  that  the  coking  method  is  impossible  with  a  fluctuating  load. 
Holes  that  cannot  be  seen  develop  in  the  rear  of  the  fuel  bed.  The  coking 
method  is  a  good  smoke  preventer,  but  experience  is  required  before  it  can  be 
used  without  loss  of  efficiency. 


NOTE. — No  Particular  System  Adopted  in  the  Navy. — ^Up  to  the  present  time 
no  one  of  the  four  systems  of  firing  described  above  has  been  adopted  in  preference  to  the 
Others.  The  method  of  firing  water  tube  boilers  having  more  than  one  door  to  each  furnace 
approaches  very  nearly  the  alternate  side  firing  system.  That  part  of  the  furnace  that  can 
hie  fired  through  one  door  is  covered  evenly  all  over  with  coal  at  one  signal  to  fire,  and  that 
through  another  door  at  the  next  signal,  thereby  keeping  one  part  of  the  furnace  covered  with 
^en  coal  while  other  parts  are  covered  with  coke.  Economical  firing  has  taken  rapid  strides 
in  the  past  few  years.  The  even  spread  system  is  the  only  one  in  practical  use  in  the  navy  in 
fire  tube  boilers  having  only  one  door  to  a  furnace,  though  there  is  reason  to  believe  that  more 
economy  may  result  from  the  alternate  back  and  front  or  alternate  side  firing;  for  it  is  probable 
that  with  these  systems  there  will  be  better  combustion  of  the  volatile  gases  and  smaller  losses 
on  account  of  lowering  the  temperature  below  the  ignition  point  when  the  fresh  coal  is  thrown  on . 

NOTE. — ^The  spreading  or  alteritate  method  of  firing  gives  higher  efficiency,  higher 
COt,  lower  temperature  of  exit  gases  and  generates  steam  more  uniformly  than  does  the  coking 
method,  due  to  more  uniformity  in  furnace  temperature.  The  Bureau  of  Mines  states  that 
about  the  same  amount  of  slicing  and  raking^  is  required  in  either  coking  or  spreading  methods 
(of  course  excluding  in  this  the  leveling  required  in  the  coking  method) . 

NOTE. — ^The  coking  method  of  firing  produces  less  clinker,  since  the  leveling  of  the  fire  at 
the  firing  period  shakes  more  ash  through  the  grate,  and  lower  COa,  due  to  longer  firing  period 
results,  with  a  tendency  to  admit  excess  air,  through  the  thin  spots.  The  analysis  of  ash  shows 
ho  difference  in  the  amount  of  combustible  for  the  two  methods  of  firing. 


2,282 


HOIV  TO  OPERATE  A  BOILER 


AIR  LINE 
CARBON  LINE 


Excess  Am 


F       E^CfSS   AIR 


CARBON 
LINE 


rMMN 


AIR  LINE 


;arbon 

L«NE 


hftfft^' 


EXCESS  A»R 


air  LIN 
CARBON 

line: 


p         Excess  AIR    40*/o 


Pigs.  4,054  to  4.061. — Combustion  results  obtained  by  different  firing  methods.  Diagrams  by 
Edge  and  Geusch.  In  each  diagram,  F  represents  the  point  of  firing.  In  the  first  four 
figures  the  air  line  represents  the  relative  amounts  of  ajr  passing  through  the  fuel  bed;  when 
the  coal  is  fired,  the  air  supply  through  the  fuel  bed  is  immediately  cut  down  and  a  crust 
quickly  forms  by  fusion  and  further  cuts  down  the  air.  Then ,  as  combustion  of  the  solid  part 
of  the  fuel  proceeds^  the  fuel  bed  becomes  more  porous  or  holes  may  bum  through,  gradually 
increasing  the  relative  amount  of  air  through  the  fuel  bed  until  the  next  firing.  The  carbon 
line  represents  the  relative  amount  of  carbon  which  is  in  the  process  of  burning.  After  firing 
an  appreciable  time  is  taken  for  all  of  the  coal  to  ignite.  After  the  peaks  of  the  carbon  line 
are  reached  the  amount  of  incandescent  carbon  decreases  by  combustion.  When  the  air  line 
is  above  the  carbon  line,  excess  air  is  entering  the  furnace;  when  the  carbon  line  is  above, 
there  is  insufficient  air  and  the  combustion  is  incomplete.  The  last  three  represent  the  rela- 
tive amounts  of  air  required  for  coals  at  different  times  between  firing  periods.  The  last  figure 
represents  the  rate  of  heat  liberation  with  firing  at  long  intervals.  Fig.  4,054.  heavy  firing 
at  long  intervals  ^wilh  the  dampers  choked  down.  The  air  supply  is  proper  for  much  less  than 
half  the  time.  This  is  a  common  occurrence;  fig.  4,055,  heavy  firing  at  long  intervals,  damper 
wide  open.  This  results  in  a  little  CO  immediately  after  firing  and  large  amounts  of  excess 
air  for  most  of  the  time.  This  is  also  a  common  condition;  ng.  4,056.  heavy  firing  damper 
regulated  to  suit.  This  is  a  better  method  than  either  the  first  or  second;  heavy  firing  at  longer 
intervals.  The  damper  is  opened  wide  soon  after  the  firing  periods  and  is  closed  down  after 
part  of  the  fuel  has  burned  away;  figr.  4,057,  correct  method  of  firing:  light  and  frequent 
with  damper  regulated,  Tl\e  damper  is  set  so  that  the  load  may  be  carried  with  the  highest 
COt  and  no  CO.  Figs.  4.054  to  4. 057 apply  where  secondary  air  is  supplied  through  holes  in 
the  fire.  If  the  secondary  air  be  supplied  through  dampers  in  the  fire  doors,  tiiis  supply 
increases  after  firing^  due  to  higher  draught:  fig.  4,058,  air  required  for  burning  anthracite^ 
firing  at  fairly  long  intervals;  fig.  4,059,  air  required  for  burning  high  volatile  coals,  firing  at 
fairly  long  intervals:  %.  4,060,  air  required  burning  high  volatile  coals ^  frequent  firing;  fig. 
4,061,  heat  liberated  with  firing  methods  of  figs.  4,054  to  4,050. 
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Ques.  How  should  coal  be  fired  in  the  spreading 
method  ? 

Ans.  It  should  be  fired  in  small  quantities  at  short  intervals, 
so  that  thin  places  do  not  burn  through  and  admit  large  excess 
of  air. 

Ques.    Upon  what  does  the  quantity  depend  ? 

Ans.    Upon  the  size  of  grate  and  draught. 

■ 

With  a  draught  of  1  in.  in  the  uptake,  2  to  2  J^  lbs.  per  square  foot  ot  grate 
is  a  good  average.  Thus,  on  a  grate  6  by  8  ft.,  100  to  125  lbs.  of  coal,  or 
about  6  to  9  shovelfuls,  would  be  the  quantity  for  one  firing.  The  inter- 
vals should  be  about  6  minutes .  For  a  higher  draugh  t ,  the  periods  could  be 
3  minutes  with  a  weaker  draught  they  could  be  lengthened  to  8  minutes, 
but  under  ordinary  circiunstances  should  never  be  more  than  10  minutes. 
This  method  makes  the  coal  supply  more  nearly  proportional  to  the  air 
supply,  which  in  most  hand  fired  plants  is  nearly  constant. 

Ques.  What  are  the  reasons  for  light  and  frequent 
firing? 

Ans.  When  fresh  coal  is  fired,  the  volatile  matter  is  imme- 
diately distilled.  The  process  is  nearly  completed  in  2  to  5  min- 
utes, therefore  immediately  after  firing,  large  quantities  of  air 
should  be  admitted  over  the  fire.  After  2  to  5  minutes  it  should 
be  cut  down.  Such  regulation  is  practically  impossible,  hence 
large  quantities  of  fuel  should  not  be  fired  at  one  time. 

As  the  air  supply  is  practically  constant,  immediately  after  firing,  it 
becomes  insufficient  and  incomplete  combustion  results.  After  most  of 
the  volatile  matter  has  been  driven  off,  the  air  is  in  excess.  The  two  losses 
are  much  less  when  small  amounts  are  fired  at  frequent  intervals.  Auto- 
matic air  control  devices  can  be  purchased,  but  even  witi  these,  frequent 
and  light  firing  is  best.  Frequent  firing  alleviates  the  tendency  to  form  a 
crust  on  top  oi  the  fuel  bed. 

The  diagrams  figs.  4,054  to  4,061,  show  efifect  of  dififerent  firing  methods 


Ques.     Where  are  thin  spots  especially  likely  to  occur? 
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Ans.     In  the  comers  at  the  front  of  the  furnace,  and  between 
the  firing  doors. 

Ques.    How  does  the  skillful  fireman  treat  thin  spots? 

Ans.     He  gauges  the  right  amount  and  selects  the  proper 
mixture  of  fine  and  coarse  coal. 

If  the  coal  be  burned  way  down,  he  selects  coarse  coal,  to  avoid  its 
sifting  through  the  ^te.  This  also  permits  of  the  building  up  of  the  level 
on  the  spot  more  quickly . 
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Fig.  4,062. — Proper  position  far  firing.  According  to  the  Bureau  of  Mines,  the  fireman  should 
stand  in  such  position  that  he  can  see  the  thin  spots  and  can  throw  the  coal  onto  them  with 
the  least  effort.  He  should  stand  4H  to  5  feet  in  front  of  the  furnace,  and  12  to  18  inches  to 
the  left  of  the  center  line  of  the  door.  He  should  then  be  about  2  feet  from  the  coal,  which  is 
6  or  7  feet  from  the  furnace  front  and  should  preferably  be  on  a  car. 


Thin  and  thick  spots  will  occur,  even  with  most  careful  firing.    In  places 
where  the  ai?  flows  freely,  the  coal  bums  faster,  forming  a  thin  spot. 

The  cause  of  the  variation  in  air  flow  may  be  the  difference  in  the  size  of 
the  coal,  the  acctimulation  of  clinker  or  the  fusing  of  coal  into  a  hard  crust. 
Before  firing  fresh  coal ,  the  fireman  should  note  the  thin  places .  They  have 
bright,  hot  flames,  while  high  spots  have  smoky  flames  or  none  at  all. 
Uehling  says  to  cover  the  holes,  if  burned  through,  with  incandescent  coal 
before  firing.     Place  the  coal  on  the  thin  spots  in  thin  layers. 

If  deep  hollows  be  filled  at  once,  fresh  coal  may  fuse  and  choke  off  the  air, 
foraaing  a  new  high  spot.    If  high  spots  be  missed  for  one  or  two  firings, 
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If  the  high  spot  be  due  to  clinker,  the 

Firing  Newly  Set  Boilers.— When  boilers  are  newly  set  they 
should  be  heated  up  very  slowly  indeed,  and  the  fires  should  not 
be  lighted  under  the  boilers  for  at  least  two  weeks  after  setting,  if 
it  is  possible  to  wait  this  length  of  time.  This  two  weeks  enables 
all  parts  of  the  mason  work  more  Ukely  to  set  gradually  and 
harden  naturally;  the  walls  will  be  much  more  likely  to  remain 
perfect  than  when  fires  are  lighted  while  the  mortar  is  yet  green. 


ag  thfl  ■coop,  tlie  finman  Aai 
17  into  the  funuicc,  lie  has  t< 


, a  nearly  Btraight  line.    At  the 

suddenly  be  slopped  by  Uying  it  on  the  bottom  edge  of 

Terk  it  itck  to  get  the  cosl  oS. 


When  fire  is  started  under  a  new  boiler  the  first  time,  it  should  be  a  very 
small  one,  and  no  attempt  should  be  made  to  do  more  than  moderately 
warm  all  parts  of  the  brick  work. 

A  slow  fire  should  be  kept  up  for  twenty-four  hours,  and  on  the  second 
day  it  may  be  slightly  increased.  Three  fuU  days  should  elapse  before 
the  boiler  is  allow^  to  make  any  steam  at  all. 

When  the  pressure  rises,  it  should  not  be  allowed  to  go  above  four  or  five 
pounds,  and  the  safety  valve  weight  should  be  taken  off  to  prevent  any 
possibili^  of  an  increase.  Steam  should  be  allowed  to  go  through  all  the 
pipes  attached  for  steam,  and  blow  through  the  engine  before  any  attempt 
IS  made  to  get  pressure  on  them.  The  object  of  all  these  precautions  and 
this  care  is  to  prevent  injury  by  sudden  expansion,  which  may  cause 
great  damage. 
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Firing  with  Bituminous  Goal. — Difficxdty  is  experienced 
burning  bituminous  slack  coal,  because  it  fuses  into  a  hard,  tig] 
crust.    This  admits  little  air,  and  therefore  the  conibustion  rat 
is  low.    The  heavier  the  firing,  the  worse  is  this  condition.    Soi 
firemen  fire  heavy  charges  of  300  to  500  pounds.    They  brej 
the  crust  by  lifting  with  the  slice  bar,  and  then  level  the 
This  is  satisfactory  with  coals  whose  ash  does  not  fuse  readily. 
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Fig.  4,064. — Improper  position  in  firing.  If  the  coal  be  closer  than  6  or  7  feet,  the  fireman  is 
crowded  and  will  stand  away  to  one  side  of  the  door  to  avoid  the  intense  heat.  He  cannot  see 
the  fire»  and  throws  the  coal  in  by  ^ess.  His  scoop  travels  in  the  arc  of  a  circle,  scattering 
coal  on  the  floor,  and  dumping  it  in  a  heap  directly  inside  of  the  door.  This  results  in  an 
uneven  fire,  low  efficiency,  and  requires  raking  of  the  coal  onto  the  back  part  of  the  fire. 
Provide  a  smooth  firing  floor,  or  a  smooth  bottom  to  the  coal  car,  so  that  the  shovel  does 
not  hit  bumps  and  rivets.  Such  items  delay  the  firing  operation,  keeping  the  door  open 
longer  than  necessary  and  admitting  excess  air. 

For  coals  with  a  fusible  ash,  the  better  method  is  to  keep  the  fire  about 
5  in.  thick,  and  fire  small  charges.  The  prongs  of  the  rake  can  be  used  to 
break  the  crust  if  it  do  not  bum  through. 

The  fire  should  be  worked  as  little  as  possible,  as  the  working  of  a  fire  is 
liable  to  cause  clinker,  furthermore,  while  the  doors  are  open,  excess  air  is 
admitted  and  the  fireman  has  more  work. 

The  too  frequent  opening  of  the  door  may  be  avoided  by  cutting  in  the 
door  a  small  hole  just  large  enought  to  admit  a  pointed  slice  bar,  which  is 
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^(Jj  inserted  through  this  hole  when  it  is  necessary  to  break  up  the  crust,     A 
pivoted  shutter  will  prevent  inflow  of  air  when  slice  bar  is  removed    Such 
tiff  arrangement  is  shown  in  fig.  4,066,  as  used  by  the  author,  on  a  6X9  vertical 
,  -.!»  marine  boiler. 


Anthracite  Coal. — 

small  quantities,  at 
s,  otherwise  dead  spots 
le  fire.  I£  the  fire  be- 
ar, burning  in  patches, 


4,006.— Krina  sirft  coal  io  vertiial  numno  boiler  ol  a.uthot'ittiMnUT  "Atlantic  CltK^ 
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NOTE.— Hayi  aaya:  "Turn  the  hoR  on  any  fine  coal  pile.    It  i>  impossible  to  bum  k 
fine  cotUi  without  wetting  them.    PinecoaltendBtopHClcinthefuRisce.  especially  if  dry,  o 

coal  willbe  burned  and  that  more  un 
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Firing  with  Coal  Dust. — This  fuel,  instead  of  being  intro- 
duced into  the  fire  box  in  the  ordinary  manner,  is  first  reduced 
to  a  powder  by  pulverization,  and  in  place  of  the  ordinary  boiler 
fire  box,  a  combustion  chamber  is  used  in  the  form  of  a  closed 
furnace  lined  with  fire  brick.  This  furnace  is  provided  with  an 
air  injector  having  a  nozzle  which  throws  a  constant  stream  of 
powdered  fuel  into  the  chamber,  spraying  it  throughout  the 
whole  space  of  the  fire  box.  This  powder  is  first  ignited  by  raising 
the  lining  of  the  fire  box  to  a  high  temperature  by  an  open  fire. 
The  combustion  of  the  powdered  fuel  then  continues  in  an 
interval  and  regular  manner  under  the  action  of  the  air  current 
which  carries  it  into  the  combustion  chamber. 

U.  S.  Navy  Pointers  on  Firing. — The  following  suggestions 
by  the  Navy  Bureau  will  be  found  of  value: 

The  above  pointers,  used  intelligently  in  connection  with  a  fair 
knowledge  of  what  chemical  reactions  take  place  in  the  furnace, 
should  give  economical  firing. 

1 .  Keep  a  good  bright  fire.  The  color  of  the  flame  should  be  a  light  yellow. 
When  dark  shadows  are  thrown  into  the  ash  pan,  it  is  an  indication  that 
there  is  clinker  formed  on  the  grate,  directly  above;  this  clinker  prevents 
the  air  getting  through,  and  results  in  incomplete  combustion.  Use  the 
slice  bar  on  such  clinkers,  removing  them  at  once,  and  do  not  make  a  dirty 
fire  wait  on  the  clock. 

2.  Avoid  excess  of  air.  The  greatest  loss  in  furnace  practice  is  due  to 
excess  of  air.  The  waste  chargeable  to  this  cause  will  probably,  in  ordinary 
cases,  be  ten  times  that  due  to  incomplete  combustion.  Excess  air  may 
enter  in  the  following  ways: 

a.  Through  open  furnace  door.  Place  coal  in  the  best  position  for  throwing  it  in  the 
furnace  and  work  rapidly  when  the  door  is  open.  The  CO2  charts  show  material  reduction 
of  CO2  when  the  doors  are  open.  Any  means  of  reducing  the  period  of  open  door  will  pay. 
There  is  a  great  difference  in  furnace  temperatures  between  the  conditions  of  open  and 
closed  furnace  doors;  the  resulting  contractions  and  expansions  are  bad  for  the  boiler. 

b.  Through  badly  fitting  furnace  doors  and  furnace  fronts.  The  fit  of  the  doors  and 
fronts  should  be  made  good  and  kept  in  that  condition. 

c.  Through  the  grate.  Keep  all  the  grate  covered  and  all  the  fire  clear  of  holes,  bare 
spots,  hills  and  hollows.    A  bare  spot  on  the  grate  is  the  worst  enemy  of  the  coal  pile. 
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3.  There  is  no  absolute  rule  as  to  the  height  of  fire  to  carry.  Fires  for 
natural  draught  should  be  carried  roughly  from  8  inches  to  10  inches,  and 
for  forced  draught  a  little  thicker.  A  thin  bed  of  fuel  will  admit  more 
air  to  the  furnace  chamber  than  a  thick  one.  It  is  a  matter  of  pressure 
(draught) ,  and  resistance  (thickness  of  fuel) ;  there  is  a  relationship  between 
the  two  which  must  be  studied  with  each  fuel  and  each  furnace  to  operate 
furnaces  with  the  greatest  economy.  This  relationship  can  best  be  studied 
by  ^lalyzing  the  gases  of  combustion. 

4.  Find  the  draught  and  thickness  of  fire  which  will  ^ve  best  average 
percentage  of  CO2.  Too  high  a  percentage  of  COa  entails  a  likelihood  of 
too  much  CO;  in  addition  to  the  CO,  there  is  probably  some  unbumed 
hydrocarbon  gases  which  are  lost. 

5.  When  fires  require  slicing,  slice  them,  and  at  no  other  times;  the  same 
applies  to  raking  and  cleaning. 

6.  "Use  a  time  firing  device  to  fix  the  stoking  interval,  as  it  leads  to 
uniformity.  The  device  should  not  be  used  to  regulate  anjrthing  but  the 
stoking  interval,  as  the  times  for  slicing,  raking  and  otherwise  working 
the  fires  must  be  dictated  by  human  judgment.  When  the  bottom  of  the 
fire  is  in  bad  condition,  it  rec^uires  slicing  or  cleaning;  when  the  top  is  in 
bad  condition,  it  requires  rakmg;  trouble  on  one  side  of  a  fire  cannot  be 
cured  by  treating  the  other. 

Under  natural  draught  conditions,  Bm-not  found  that  when  burning 
about  11  pounds  of  coal  per  square  foot  of  grate  surface  per  hour,  the 
efficiency  increased  as  the  firing  interval  and  weight  of  charge  were  de- 
creased.   He  found  evaporative  efficiencies  as  follows  (ordinary  coal): 

With  charge  equal  to  1  shovelful '. 9.64 

With  charge  equal  to  2  shovelfuls _ 9.38 

With  charge  equal  to  3  shovelfuls : _9.18 

With  charge  equal  to  4  shovelfuls _ 8.91 

In  this  connection  it  has  been  found  that  if  the  boiler  dampers  be  partly 
closed  when  the  furnace  door  is  open,  the  efficiency  is  increased. 

7.  Boiler  dampers  are  the  throttle  valves  of  the  draught,  and  should 
receive  as  much  attention  as  the  steam  throttles,  or  any  other  controlling 
device  in  the  plant.  When  the  damper  is  closed,  the  vacuum  in  the  furnace 
and  passes  of  the  boilers  is  decreased.  The  lever  for  regulating  the  dampers 
should  be  long,  and  the  more  holes  in  the  arc  for  regulating  the  position  of 
the  dampers  the  better.  For  controlling  the  steam  supply,  use  the  dampers 
and  ash  pit  doors — never  open  the  furnace  doors  for  this  purpose,  as  it . 
causes  too  much  expansion  and  contraction.  Never  throw  on  green  coal 
for  checking  the  supply  of  steam;  it  does  check  the  steam  supply,  but  it  is 
coal  wasted. 

8.  Leaks  of  air  into  the  uptakes  cause  great  waste  of  heat  units.  One  of 
the  most  marked  improvements  in  recent  years  in  boiler  economy  has  come 
from  having  tight  boiler  casings.  The  excess  of  air  coming  through  these 
leaks  is  simply  so  much  air  to  be  heated,  and  the  process  cools  the  heating 


HOW  TO  OPERATE  A  BOILER  2,291 


surfaces.  Analysis  of  combustion  gases  near  the  furnaces  and  further  on 
near  the  uptake  will  show  whether  there  be  uptake  leaks.  A  lighted  candle 
carried  around  the  joints  will  also  show  where  there  are  leaks.  The  leaks 
can  be  stopped  by  some  effective  kind  of  cement  or  plaster.  Some  one  man 
aboard  ship  shotud  be  charged  with  the  regular  duty  of  seeing  that  the  cas- 
ings are  kept  tight. 

No  air  should  be  allowed  to  flow  through  the  passages  of  any  boiler 
except  at  the  furnace. 

U.  S.  Navy  Remarks  on  Good  Firing. — The  best  method  of 
firing  is  the  one  that  will  insure  that  the  smoke  pipe  gases  contain 
no  carbonic  oxide  (CO)  and  no  hydrogen  or  hydrocarbon  gases, 
and  at  the  same  time  contain  not  more  than  6  per  cent,  of  free 
oxygen. 

The  presence  of  combustible  phases,  even  in  very  small  quantities,  in 
the  smoke  pipe  gases  is  a  sign  of  imperfect  combustion  and  the  consequent 
loss  of  economy.  The  presence  of  from  4  to  6  per  cent,  of  free  oxygen  in 
the  smoke  pipe  is  usually  a  necessary  accompanmient  of  complete  combus- 
tion. A  greater  quantity  means  an  unnecessarily  large  supply  of  air,  and 
consequently  unnecessary  loss  due  to  heating  the  excess  of  air.  The  per- 
centage of  carbon  dioxide  in  the  smoke  pipe  sas  is  not  as  good  a  criterion  of 
the  furnace  conditions  as  would  be  obtamed  &om  a  quantitative  analysis 
of  smoke  pipe  gases  showing  the  percentage  of  COi,  CO  and  O. 

A  wrong  idea  prevails  that  when  the  percentage  of  COi  is  as  high  as  pos- 
sible the  tx)iler  economy  is  a  maximum.  This  is  true  only  when  the  analysis 
of  the  gases  shows  no  CO,  and  only  a  reasonable  amount  of  free  oxygen, 
not  over  6  per  cent.  The  presence  of  any  CO  indicates  a  heat  loss,  which 
rises  quickly  with  the  rise  m  CO  percentage. 

In  some  boilers,  notably  those  on  shore  with  large  combustion  chambers, 
the  percentage  of  COi  will  run  high,  say  up  to  13  per  cent.,  and  yet  no  CO 
will  be  present  in  the  gases.  In  other  boilers,  where  the  combustion 
chambers  are  small,  as  soon  as  the  COs  percentage  runs  above  a  certain 
limit  CO  begins  to  show  up  in  the  flue-gas  analysis,  bringing  with  it  the 
large  heat  loss.  This  limit  with  the  manne  type  of  boiler  is  about  10  per 
cent,  of  COs. 

In  order,  therefore,  to  get  the  best  results  from  a  boiler  some  form  of 
gas-analysis  instrument  must  be  at  hand  by  which  the  percentage  of  COi, 
CO  and  O  can  be  determined.  Then  a  good  rule  for  economical  firing 
would  be: 

Keep  the  percentage  of  COt  as  high  as  possible,  consistent  with  the  absence 
oj  CO  and  with  the  presence  of  O  in  small  amounts — never  over  6  per  cent. 
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These  conditions  can  he  fulfilled  only  from  experiments  made  by  the  engineer 
in  charge  of  each  individual  plant. 

Where  the  thickness  of  the  fire  and  the  force  of  the  draught  are  under 
the  control  of  the  fireman  or  water  tender,  as  they  are  on  board  naval 
vessels,  good  results  may  be  obtained  with  either  thin,  medium  thick  or 
heavy  fires,  if  the  force  of  the  draught  be  regulated  in  proportion  to  the 
thiclaiess  of  the  fires.  The  proper  thickness  of  the  fire  and  the  proper  force 
of  the  draught  to  be  used  with  the  coal  on  hand  have  to  be  determined  by 
experiment,  or  by  observation  by  the  engineer  in  charge,  to  determine 
that  force  of  draught  and  that  thickness  of  the  fire  used  that  will  give  the 
best  results. 

The  best  regulation  of  the  force  of  the  draught  and  the  thickness  of  the 
fire  is  that  which  makes  the  hottest  fire.  If  an  integrating  pyrometer, 
giving  the  average  temperature  of  the  fire  over  the  whole  of  the  grate,  could, 
be  made,  it  would  be  the  ideal  indicator  of  the  furnace  conditions.  Deficient 
air  supply,  causing  imperfect  combustion,  and  excessive  air  supply,  causing 
too  great  a  dilution  of  the  gases  of  combustion,  both  tend  to  cool  the  fur- 
nace. The  hottest  fire  that  can  be  made  is  one  in  which  the  air  is  enough  in 
excess  to  insure  perfect  combustion  and  no  more.  The  hottest  fire  is  also 
obtained  when  the  smoke  pipe  gases  show  by  analysis  from  4  per  cent,  to 
6  per  cent,  of  free  oxygen.  The  analysis  of  the  smoke  pipe  gases,  therefore, 
gives  an  excellent  indication  of  the  furnace  conditions. 

U,  S,  Navy  Remarks  on  Bad  Firing. — Much  can  be  learned 
by  observing  the  mistakes  of  others  and  avoiding  them.  Some 
of  the  mistakes  made  by  ignorant  or  negligent  firemen  are: 

1.  Putting  too  large  a  quantity  of  coal  on  the  fire  at  a  time,  covering  the 
fire  so  thick  that  the  air  supply  is  choked,  resulting  necessarily  in  incomplete 
combustion. 

2.  Firing  at  regular  intervals,  sometimes  having  the  fire  too  thick,  and 
again  allowing  it  to  burn  so  low  that  holes  are  burned  in  it,  or  so  low  that  a 
large  excess  of  air  is  passed  through  it,  diluting  the  gases  of  combustion, 
and  thereby  sending  too  much  heat  up  the  smoke  pipe  and  reducing  the 
furnace  temperature. 

3.  Neglecting  to  cover  the  whole  of  the  grate  stirface  properly,  allowing 
holes  to  burn  in  the  fire  at  places  and  having  the  fire  too  thick  in  others. 
This  can  result  in  having  an  excess  of  carbonic  oxide  and  an  excess  of  oxygen 
in  the  smoke  pipe  gases  at  the  same  time,  if  the  excess  of  air  passed  through 
the  thin  fire  at  one  place  and  the  excess  of  carbonic  oxide  formed  where  the 
fire  is  too  thick,  be  cooled  below  the  temperature  of  ignition  before  they 
are  mixed. 

4.  Not  keeping  the  fires  properly  cleaned,  thereby  choking  the  air  supply 
and  causing  imperfect  combustion. 
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5.    Errors  ir 
the  smoke  pipe  n , 

careful  ana  inteUigent  firemen  without  a 

■wrong.    These  are:  o.  Carrying  the  bedi  .__ 

grate  for  the  size  of  the  ccal  and  the  force  of  the  draught; 
r^^ulation  of  the  draught. 


Intelligent 
Supeirlslon  of 
Firing.  — Com- 
petition has  be- 
come so  keen, 
both  in  the  navy 
-R  and  on  the  out- 
side, that  it  is 
imperative  that 
those  in  charge 
of  an  engineer- 
ing plant  get  the 
maximum  effi- 
ciency from  the 
fuel. 


Pio.  1,0B9. — Allen  and  Tibbetts  apparatus  for  firing  fine  or  powdered  fuel.  In  aperetion  the 
fine  particles  of  fuel  are  sprayed  into  the  furnace  by  means  of  rapidly  revolving  distributing 
rollei^.  On  the  drcuraferenee  of  the  lollers  are  provided  ribs,  which  are  (iiicd  in  disgon^ 
linesfromthemiddlototheendsottherollers.  Theserollersare  given  rapid  revolvingmotion. 
and  are  designed  for  throwing  the  fine  fuelinto  the  furnace  hy  tSEir  centrifugal  foree.  Thete 
is  a  rotary  vertical  spiral  conveyor  enclosed  in  a  pipe  projecting  down  to  the  bottom  of  a  cmI 
suDply  pit  in  the  floor  in  front  of  the  furnace.    At  the  top  of  this  pipe  are  branch  pipes  leading 

of  the  boxes  containing  the  revolving  rollers,  by  q^ich  the  fuel  is  delivered  into  the  furnace  in  a 
Bhower  or  spray  in  the  upper  part  of  the  combustion  chamber,  so  that  the  pttrticles  will  catch 
Sre  in  transit  and  be  consumed  or  partly  consumed  before  falling  upon  the  fire  floor,  the 
draught  being  through  the  grated  door,  thus  avoiding  the  opening  of  the  doors  tor  feeding 
purposes.  In  instances  when  the  Are  dirt  is  used ,  nu  grate  bars  need  be  employed  in  the  flow 
but  as  a  gencni^ule,  when  the  coaneT  grades  of  fuel  are  used,  grvte  bars  should  be  used  for 
piovidicg  a  draught  upward  into  the  fire- 

NOTE.— Cbal  Duel  fiul.  It  is  used  eWensivcly  in  the  U.  S.  inrotary  Idlnsfor  burning 
Portland  cement  and  to  some  eitent  in  Germany;  it  has  not  until  recently  been  applied  to 
■team  generation.  The  absence  of  smoke  cinders  and  sparks  is  a  feature  of  its  use.  Lo? 
grade  coals  in  powderformcanbeused.  With  respect  to  thedraeeof  pulveriiation,  notleaa 
than  96  per  cent  should  poia  100  mesh  and  not  less  than  from  80  to  85  per  cent.  200  mesh. 
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Firing  with  Coke. — In  order  to  be  completely  constimed,  coke 
needs  a  greater  volume  of  air  per  pound  of  fuel  than  coal,  and 
therefore,  requires  a  stronger  draught,  which  is  increased  by  the 
fact  that  it  can  only  bum  economically  in  a  thick  bed.  It  is  also 
necessary  to  take  into  account  the  size  of  the  pieces.  The  ratio 
between  the  heating  and  grate  surface  should  be  less  with  coke 
than  with  coal;  that  is  to  say,  the  grate  should  be  larger. 

The  difference  amounts  to  about  33  per  cent.  In  fact,  about  9Ji  lbs. 
of  coke  should  be  bui^ied  per  hour  on  each  square  foot  of  grate  area,  while 
at  least  14 J^  lbs.  of  coal  can  be  btimed  upon  the  same  space. 

The  high  initial  temperature  which  is  developed  by  the  combustion  of 
coke  requires  conductmg  walls.  Therefore  the  furance  should  not  be 
entirely  surrounded  by  masonry;  and  the  plates  of  the  boiler  should  form 
at  least  the  crown  of  the  fire  box.  In  externally  fired  boilers,  the  furnace 
should  be  located  beneath  and  not  in  front  of  the  boiler. 

Internal  fireboxes  may  be  used,  but  the  greatest  care  should  be  exercised 
to  avoid  any  incrustation  of  the  plates,  and  in  order  that  this  may  be  done, 
only  the  simplest  forms  of  boilers  should  be  used. 

With  coke  it  is  not  essential  that  long  passages  should  be  provided  for 
the  passage  of  the  products  of  combustion,  since  the  greater  part  of  the  heat 
developed  is  transmitted  to  the  sheets  in  the  neighborhood  of  the  furnace. 

Since  coke  contains  very  little  hydrogen,  the  quick  flaming  combustion 
which  characterizes  coal  is  not  produced,  but  the  fire  is  more  even  and 
regular.  Finally,  the  combustion  of  coal  is  distinguished  by  the  fact  that 
in  the  earlier  phases  there  is  usually  an  insufficiency  of  air,  while  in  the  last 
there  is  no  excess. 

The  advantage  of  coke  over  raw  soft  coal  as  a  fuel  is  that  otherwise 
useless  slack  can  be  made  available  by  admixture  in  its  manufacture,  and 
especiallv  that  it  can  be  perfectly  and  smokdessly  burned  without  the  need 
of  skilled  labor. 

Firing  with  Lignite. — This  is  more  difficult  than  firing  with 
soft  coal,  and  a  large  combustion  space  is  desirable.  The  best 
results  are  obtained  with  a  reverberatory  furnace  giving  long 
travel  to  the  gases.    The  ftiel  bed  can  be  4  to  6  inches  thick. 

Fire  lignite  in  small  quantities  by  the  alternate  method.  Above  certain 
rates,  clinker  forms  rapidly.    Considerable  draught  should  be  available, 
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but  should  be  carefully  regulated  by  a  damper.  Smokeless  combustion 
with  hand  firing  is  practically  impossible.  There  is  a  strong  tendency  to 
foul  the  heating  surfaces,  which  should  be  cleaned  frequently.  Shaking 
grates  assist  in  deaning  the  fire,  but  considerable  fuel  may  pass  through. 

Firing  doors  are  opened  too  frequently  when  coal  is  not  being  fired  in 
order  to  see  the  concution  of  the  fire  and  excess  air  admitted.  A  IJ^-inch 
mica-covered  peep  hole  in  the  door  avoids  this.  The  COj  percentage  was 
increased  by  1}^  per  cent,  in  one  plant  by  this  method. 

Firing  with  Coal  Tar. — ^The  problem  of  firing  retort  benches 
with  tar  instead  of  coke  has  engaged  the  attention  of  gas  managers 
for  many  years,  and  various  modes  have  been  adopted  for  its 
management.  The  chief  difficulty  has  been  in  getting  a  constant 
flow  of  tar  into  the  furnace,  uninterrupted  by  stoppages  caused 
by  the  regulating  cock  or  other  appliance  not  answering  its  pur- 
pose and  by  the  carbonizing  of  the  tar  in  the  delivery  pipe,  thus 
choking  it  up  and  rendering  it  uncertain  in  action. 

To  obviate  these  difficulties  various  plans  have  been  resorted  to,  but  the 
best  means  for  overcoming  them  are  thus  described:  Fix  the  tar  supply 
tank  as  near  the  furnace  to  b^  supplied  as  convenient,  and  one  foot  higher 
than  the  tar  injector  inlet.  A  cock  is  screwed  into  the  side  of  the  tank, 
to  whidi  is  attached  a  piece  of  composition  pipe  J^-inch  in  diameter,  10 
inches  long.  To  this  a  ^-inch  iron  service  pipe  is  connected,  the  other  end 
of  which  is  joined  to  the  injector.  By  these  means  it  is  found  that  at  the 
ordinary  temperature  of  the  tar  well  (cold  weather  excepted) ,  four  gallons 
of  tar  per  hour  are  delivered  in  a  constant  steam  into  the  furnace.  If  more 
tar  be  required,  the  piece  of  J^-inch  tube  must  be  shortened,  or  a  larger 
tube  substituted;  if  less  tar  be  required  it  ;nust  be  lengthened. 

The  risk  of  stoppage  in  the  nozzle  of  the  injector  is  overcome  by  the  steam 
jet,  which  scatters  the  tar  into  spray  and  thus  keeps  everything  clear. 

Trouble  being  occasioned  by  the  retorts  becoming  too  hot,  in  which  case, 
on  shutting  off  the  flow  of  tar  for  a  while,  the  tar  in  the  pipe  carbonized 
and  caused  a  stoppage,  a  removable  plug  injector  is  fitted  and  grotmd  in 
like  the  plug  of  a  cock,  having  inlets  on  either  side  for  tar  and  steam.  This 
plug  injector  can  be  removed,  the  tar  stopped  in  two  seconds  and  refixed 
m  a  similar  time.  The  shell  of  the  injector  is  firmly  bolted  to  the  top  part 
of  the  door  frame.  The  door  is  swung  horizontally,  having  a  rack  in  the 
form  of  a  quadrant,  by  which  it  is.  regulated  to  any  required  height,  and 
to  admit  any  quantity  of  air. 

Firing  with  Straw. — The  operation  of  burning  straw  under 
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a  boiler  consists  in  the  fuel  being  fed  into  the  furnace  only  as 
fast  as  needed.  When  the  straw  is  handled  right,  it  makes  a 
beautiful  and  very  hot  flame  and  no  smoke  is  seen  coming  from 
the  stack.  The  whole  secret  of  getting  the  best  results  from  this 
fuel  is  to  feed  it  into  the  furnace  in  a  gradual  stream  as  fast  as 
consumed.    When  this  is  done  complete  combustion  is  the  result. 

A  little  hole  may  be  drilled  in  the  smoke  box  door,  so  that  the  color  of 
the  fire  can  be  seen  and  fire  is  handled  accordingly .  When  the  smoke  comes 
from  the  stack  the  color  of  the  flame  is  that  of  a  good  gas  jet.    By  feeding 


Appaiatua  for  fiii^ 


^pe  and  tJaded 
dsiited  for  closii 


to  tha  bladed  roller, 
tsting  and  which  feeds 
ST  the  perforated  ^ipe. 
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Firing  witli  Oil. — There  are  various  devices  used  for  this 
purpose,  most  of  them  depending  upon  a  steam  jet  to  atomize 
the  oil,  or  a  system  of  retorts  to  first  heat  the  oil  and  convert  it 
into  gas  before  being  burned. 

The  subject  of  eil  burning  has  been  presented  at  such  length  in  Chapter 
75,  it  is  not  necessary  to  add  arwthing  here,  beyond  perhaps  to  state  that 
among  the  advantages  claimed  for  the  use  of  oil  over  coal  are  1 ,  uniform 
heat;  2,  constant  pressure  of  steam;  3,  no  ashes,  clinVers,  soot  or  smoke, 

'4 


e 


Plcs.4,»71an(14.972,—Firingshav[nE5l™hanii.  for  handflr/nsitis    .   .  . 

shavines  from  the  top  aa  otherwise  the  nre  and  heat  are  only  produced  cvhen  all  the  shavinea 
are  charred.  To  do  this,  provide  a  half -inch  caa  pipe,  to  be  used  a3  a  light  poker;  light  the 
shavinfffiref  and  when  nearly  burned  take  the  half  inch  pipe  and  divide  the  bumin?  shavines 
throuHhtbemiddle,  banking  them  against  the  aide  walls.  HB  shown  in  fig.  4.071,  Nowfeeda 
pile  (Jnetr  shavings  into  the  center  on  the  clean  graU  bare,  as  shown  in  lie.  4.072.  and  closo 
the  furnace  doois.  The  shavings  will  begin  to  burn  from  above,  Ughudirom  the  two  side 
fires,  the  air  will  pass  through  the  bars  into  the  shavings,  where  it  will  be  heated  and  unito 
with  the  gas,  making  the  combustion  perfect,  generating  heat,  and  no  smoke,  and  the  £re 
pdll  last  much  longer  aad  lequiic  not  half  the  labor  in  stoking. 


it  and  therefore 


Firing  with  Saw  Dust  and  Sliavings. — Air  is  forced  into 
the  furnace  with  the  planer  shavings  at  a  velocity  of  about 
12  feet  per  second,  and  at  an  average  temperature  of  about  60 
degrees  Pahr. 
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The  shavings  are  forced  through  a  pipe  12  inches  in  diameter,  above  giate, 
into  the  combustJon  chamber.  The  pipe  is  provided  with  a  blast  ga^  to 
regulate  the  air  in  order  to  maintain  a  pressure  in  the  furnace,  which  a 
Httle  more  than  balanced  the  ascending  gases  in  the  funnel  or  chimney. 

The  shavings  are  forced  into  the  combustion  chamber  in  a  spray-like 
manner,  and  quickly  ignite.  The  oxygea  of  the  air  so  forced  into  the 
furnace  along  with  the  shavings  gives  fdl  support  to  the  combustion. 

It  is  important  to  keep  the  blower  going  continuously  to  pre- 


^ILET 
TRAW 


r  atrav  or  solid  fuel,  the  fire  boT  being  provided 

, ,   _;  applicable  in  each  case  for  the  Darticular  fuel 

.    Connected  to  the  fire  door  is  a  funnel  provided  with  a  hinged  sh 

'  'inually  against  the  straw  as  it  iB  forced  into  the  fir~  ^ 

^  ..  .  le  panel  of  the  boiler  beingr  raised,  a  current  of  ai. 

ited  by  the  bitdws.  causing  the  straw  to  bum  nt  the  ends  as  it  is  forced  thcoueh  the 
'  '       ltd  thetocwaid  damper  is  ck»ed  and  the  rear  damper  (under  the 


-eboK.   Iitoaeratlon, 

■  flows  into  the  firr'--- 


Whan  coal  It  uttd  tb 


vent  the  flames  going  up  the  shutes,  thence  through  the  small 
dust  tubes  leading  from  the  bin  to  the  various  machines.  Figs. 
4,071  and  4,072  show  how  to  fire  shavings  by  hand. 
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Firing  with  Tan  Bark. — ^By  mixing  with  bituminous  screen^ 
ings,  tan  bark  can  be  biuned  upon  (»*dinary  grates  and  in  the 
ordinary  fiimace. 

One  shovdful  of  screeniaes  to  four  or  five  of  bark  wiH  produce  a  more 
economical  result  than  the  tan  bark  separate,  as  the  coal  gives  body  to  the 
fire  and  foims  a  hot  clinker  bed  upon  which  the  bark  may  rest  without 
falling  through  the  spaces  in  the  grate  bars,  and  with  the  coal,  more  air  can 
be  introduced  to  the  furnace. 


FiC  4,071. — The  Imy  bar.  By  il)  -use  the  labor  of  cleaning  the  fir«  is  greatly  redutwl. 
«pecially  with  flat  grates  and  d;ep  fires.  It  contlttm  of^  piece  of  Mor  H  Sat  ttcelbent 
to  the  ahape  ihown  and  long  enouRh  to  reach  from  the  hinge  of  the  Ere  door  to  catch  for 


KODtal  pootion  when  pushing  tha  hve  ci 
forward  (o  the  dooi,  sod  at  the  ume  tii 

The  above  relates  to  common  ftimaces,  but  spedal  fire  boxes  may  be 
obtained,  fed  by  power  appliances,  which  work  admirably.  The  pant 
prindpally  to  be  noted  as  to  the  efhdency  of  tan  bark  as  a  fuel,  is  that  tike 
peat,  the  drier  it  is,  the  more  valuable  it  is  as  a  fuel. 

Cleaning  the  Fire. — This  is  frequently  necessary  because  the 


2,300  WOff  TO  OPERATE  A  BOILER 

clinker  and  coarse  ash  will  not  pass  through  the  grate.  The  hoe 
and  slice  bar  are  used  for  cleaning  the  fire,  and  the  rake  for 
leveling  the  fuel  bed. 

The  intervals  between  cleaning  depend  upon  the  proportion  of  ash  in  the 
coal,  the  character  o£  ash,  and  the  type  of  the  grate.  If  the  coal  contain 
much  ash,  orash  that  is  fusible,  the  lires  have  to  be  cleaned  often;  if  light 
fires  be  carried,  less  clinker  fOTins,  and  under  such  conditions  the  fire  can 
often  be  nm  through  a  day  shift  without  cleaning. 


>n  the  front  part  of  the  i 

butning  coal  from  the  other  ia  moved  and  scraped  to  the  clean  side.  It  is  spread  evenly 
over  the  clean  part  of  the  Btate,  and  a  few  shovelfuls  of  fresh  coal  are  added,  in  order  to  have 
enauRh  burning  coal  to  cover  the  entire  erate  when  the  cleaning  is  done.  This  addinz  ot 
coal  a  imoortant,  especially  when  the  cleaning  must  be  done  nith  the  load  on  the  boiler. 
The  clinkers  are  then  removed  from  the  secontfhalf  of  the  grate.  When  cleaning  is  started, 
there  should  be  so  much  burning  coal  in  the  furnace  that  enough  will  be  left  lo  start  a  hot  fire 
quickly,  when  the  cleaning ia  completed.  Jf  a  light  fire  be  carried,  it  may  be  necessary  when 
■ '     '^-  don  the  side  to  be  cleaned  last.  Durmg  cleaning.  tV 


damper  sho 
should  be  at 


le  partly  closed.    A  fireman  after  becoming  familiar  with  the  side  method 
.  clean  a  200  ft.p.  boiler  f  uraftce  in  10  to  12  minutes. 
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The  cleaning  of  the  fires  should  be  done  tho^ough^y.  All  the  clinker  and 
ash  should  be  removed  so  that  they  cannot  fuse  to  the  side  wall.  They 
should  be  removed  in  such  a  way  as  to  waste  very  little  combustible. 

Ques.    Name  two  methods  of  cleaning  the  fire. 

Ans.     The  side  method  as  shown  in  figs.  4,075  and  4,076,  and 
the  front  to  rear  method,  as  in  figs.  4,077  and  4,078. 

Thickness  of  Fire. — This  will  depend  upon  the  available 
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Pigs.  4 ,077  and  4 ,078. — Front  to  rear  method  of  cleaning  the  fire.  In  this  method  the  burn- 
ing coal  is  pushed  with  the  hoe  against  the.bridge  wall.  It  is  usually  preferable  to  clean  one- 
half  of  the  grate  at  a  time.  The  clinker  is  loosened  and  pulled  out  of  the  furnace  and  the 
burning  coal  is  spread  evenly  over  the  bare  grates.  If  the  front  to  rear  method  must  be 
used  while  the  load  is  on  the  boiler,  the  side  method  should  be  emplojred  after  the  dav's 
run  is  over,  so  as  to  prevent  the  large  accumulation  of  thick  and  hard  clinker  at  the  bridge 
wall.  Some  firemen  have  the  habit  of  pulling  the  clinkers  out  of  the  furnace  without  scraping 
and  pushing  the  burning  coal  against  the  bridge  wall  or  to  one  side.  ^  This  really  is  not  a 
method  of  cleaning  the  fire.  They  run  a  slice  bar  under  the  clinker  to  lift  it  to  the  surface  of 
the  fuel.  Then  they  take  a  hoe  and  pull  the  large  pieces  out.  The  small  pieces  are  not  easily 
detected  and  are  left  in  the  fire.  These  fuse  in  a  few  minutes,  due  to  the  high  temperature 
near  the  surface  of  the  fuel  bed,  and  then  run  into  the  grates.  Thus  more^masses of  clinkers 
are  formed,  which  are  usually  worse  than  those  previously  removed.  This  habit  should  be 
discouraged. 


NOTE. — In  cleaning  the  fire  in  a  plant  running  morning  to  noon,  and  noon  to,  6:30  P.  M. 
break  the  clinker  at  10:30  A.  M.,  clean  the  fire  at  noon,  again  break  the  clinker  at  4  P.  M.,  and 
clean  again  after  the  day's  shift  is  over.  The  cleaning  of  a  banked  fire  should  be  done  about  two 
hoars  before  steam  is  needed.  It  is  advisable  to  bank  the  fire  at  the  frorlt  of  the  grate  near  one 
of  the  doors.    This  exposes  the  clinkers,  which  can  be  pulled  out. 
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draught.     If  difficulty  be  experienced  in  maintaining  steam 
pressure  with  a  thick  fuel  bed,  try  carrying  a  thinner  bed. 

Ques.    What  is  the  objection  to  a  thin  fuel  bed  ? 

Ans.    Too  much  air  flows  through  without  uniting  with  the 
carbon,  because  of  hol^s. 
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Pig.  4 ,079. — Relation  between  thickness  of  fire  and  excess  air  in  the  fiimace,  according  to  A .  P. 
Kratz  in  University  of  Illinois  tests  in  a  B.  &  W.  toiler  fitted  with  a  chain  grate  in  a  Dutch 
oven.  The  combustion  chamber  was  unusually  long,  beiiu^  formed  by  a  tile  roof  on  the  lower 
row  of  boiler  tub«i.  The  first  gas  pass  was  at  the  back  of  the  boiler,  instead  of  at  the  front. 
The  samples  of  flue  gas  were  taken  from  the  combustion  chamber  just  at  the  rear  of  the  tile 
roof  at  tlui  point  where  the  gases  turn  to  go  u]^  to  the  first  pass.  This  point  was  so  dose  to  the 
furnace  that  no  air  leaks  chargeable  to  the  boiler  setting  could  occur,  and  yet  so  far  away  that 
the  combustion  was  complete.  These  results  were  obtained  with  a  chain  grate  and  probably 
indicate  what  can  be  expected  from  that  type  of  furnace  by  varying  the  thickness  of  the  fuel 
bed.  The  adjoining  curves  show  the  relation  between  the  thickness  of  the  fire  and  the  per- 
centage of  excess  air,  taking  into  account  the  load  on  the  boiler.  A  7-inch  fire  gives  about 
the  smallest  percentage  of  excess  air.  It  must  be  understood  that  the  curves  are  omy  approxi- 
mate, as  a  number  of  other  factors  beside  thickness  of  fire  affect  the  amount  of  excess  air. 
such  as  draught  conditions.  At  different  loads  the  excess  air  decreases  to  a  minimum  and  then 
rises  to  a  maximum  as  the  thickness  of  the  fire  increases.  With  a  thin  fire,  there  is  a  tendency 
to  the  formation  of  air  holes.  As  the  depth  of  the  fuel  bed  is  increased  a  greater  draught  is 
required,  and  there  is  a  greater  infiltration  of  air.  The  combined  result  of  increasing  the  depth 
of  the  fad  above  7K  inches  is  an  increase  in  the  excess  air.  Inspection  of  the  curve  shows 
that  for  a  thin  fire  of  constant  depth,  the  excess  air  increases  when  the  load  or  rate  of  com- 
bustion is  increased,  while  for  a  thick  fire  of  constant  depth  the  reverse  is  true.  When  the 
load  is  made  greater,  a  larger  amount  of  air  must  be  drawn  through  the  fuel  bed.  In  the 
case  of  a  thin  fire ,  holes  bum  through  quickly  with  a  heavy  load .  With  a  thick  fire  light  loads 
would  entail  a  very  slow  travel  of  the  grate,  with  probability  of  burning  through  the  admis- 
sion of  excess  air  at  the  back. 
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Experiments  show  that  from  a  fuel  bed  3  to  4  inches  thick,  the  gases 
rising  from  the  surface  average  less  than  2  per  cent,  oxygen,  and  about  25 
per  cent,  combustible  gas,  hence  considerable  air  must  be  admitted  through 
the  fire  doors  and  other  openings  to  burn  the  combustible  gases. 

Ques.    What  is  the  effect  of  a  thick  fuel  bed  ? 

Ans.     Thickening  the  fuel  bed  increases  the  resistance  to  the 

passage  of  air  through  it,  thus  requiring  stronger  draught. 

The  draught,  however,  does  not  increase  as  rapidly  as  the  resistance. 
As  the  fuel  bed  is  thickened,  less  air  passes  through  it,  and  less  combustible 
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Pig.  4,080. — Relation  between  thickness  of  fire  and  efficiency  of  furnace  according  to  Kratz. 

The  curves  show  that  for  each  load  there  was  a  well  defined  thickness  of  fire  that  gave  the  best 

efficiency.    As  the  load  decreased  this  thickness  became  less.    For  1 K  load  the  best  fire  was  8 

to  8H  inches  thick.    For  full  load,  the  best  fire  was  7  to  7H  inches  thick.    For  a  %  load  it 

.  was  6^  inches  thick. 

gas  rises  from  its  surface.  The  higher  draught,  however,  brings  in  more  air 
over  the  fuel  bed,  resulting  in  a  greater  amount  of  free  oxygen  in  the  flue 
gases.    Clinker  has  the  same  effect. 


NOTB. — Prom  experiments  of  the  Bureau  of  Mines,  the  relation  of  draught  and  thickness 
xA.  fuel  bed  may  be  summed  up  as  follows:  The  rate  of  flow  through  a  bed  of  constant  thickness 
is  approximately  proportional  to  the  square  root  of  the  pressure  drop.  As  the  thickness  of  the 
bed  increases,  the  weight  of  air  admitted  decreases  rapidly  at  first,  then  more  and  more  slowly . 
To  put  air  at  the  same  rate  through  double  the  thickness  of  bed  requires  twice  the  diflference 
of  pressure  and  twice  the  work  on  the  fan.  If  the  height  of  a  cross  flow  water  tube  boiler  be 
doubled,  or  if  the  length  of  the  tubes  of  a  parallel  flow  boiler  be  doubled ,  and  the  thickness  of 
the  fuel  bed  be  doubled,  double  the  fan  work  will  be  required  if  the  same  weight  of  gas  is  to 
be  carried  through  th6  boilers.  If  two  or  three  times  the  weight  of  gases  be  forced  through  a 
given  fuel  bed  and  boiler  resistance  to  produce  two  or  three  times  the  capacity,  the  work 
expended  by  the  fans  will  be  8  or  27  times  as  great. 


2,304 


HOW  TO  OPERATE  A  BOILER 


Ques.    With  a  given  draught,  how  can  the  rate  of  com- 
bustion be  increased? 

Ans.     By  reducing  the  thickness  of  the  fuel  bed. 

This  reduces  the  resistance  to  the  air  passing  through  the  fuel,  hence  a 
larger  quantity  passes  through. 

Points  Relating  to  Hand  Firing. — The  duties  of  the  fireman 
in  the  routine  of  the  day  naay  be  thus  briefly  stated: 


STEAM 
JET 


Figs.  4,081  and  4,082. — One  method  of  smoke  prevention  by  means  of  a  steam  jet.  The  jet 
is  located  just  above  the  fire  door  as  shown .  After  each  firing  the  jet  is  opened  a  few  minutes, 
which  prevents  black  smoke,  reducing  its  density  to  a  haze. 


1.  Begin  to  charge  the  furnace  at  the  bridge  end  and  keep  firing  to 
within  a  few  inches  of  the  dead  plate. 

2.  Never  allow  the  fire  to  be  so  low  before  a  fresh  charge  is  thrown  in, 
that  there  shall  not  be  at  least  three  to  five  inches  deep  of  clean,  incandes- 
cent fuel  on  the  bars,  and  equally  spread  over  the  whole. 

3.  Keep  the  bars  constantly  and  equally  covered,  particularly  at  the 
sides  and  the  bridge  end^  where  the  fuel  burns  away  most  rapidly. 

4.  If  the  fuel  burn  unequally  or  into  holes,  it  must  be  leveled,  and  the 
vacant  spaces  must  be  filled. 
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lumps  lie  so  open  that  the  air  would 
pass  so  freely  through  that  it  would 
chill  the  fire  box. 


Pig.  4,083.— Method 
mirnH'  fiied 


Ih»  d«vica  will  ba  found  helpful*  in  securins  more 'eSkiei 
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4.  In  firing  lump  coal  of  large  size,  even  with  a  thick  fire,  constant  care 
is  necessary  to  prevent  loss  of  heat  from  excessive  amount  of  air  passing 
through  holes. 

5.  There  is  a  constant  tendency  for  air  passages  to  form  dose  to  the 
sheets,  hence  the  fire  should  be  heavier  here  than  at  other  parts. 

6.  Too  much  air  admitted  through  the  fire  tends  to  reduce  parts  of  the 
fire  box  below  the  igniting  temperature. 

7.  Firing  with  large  lumps  is  wasteful  with  either  hard  or  soft  coal. 

8.  For  small  sizes  of  anthracite  a  very  large  grate  area  is  necessary, 
because  the  fire  must  be  thin,  whidi  precludes  a  strong  exhaust  unless  the 
blast  be  divided  over  a  wide  area. 


WATER  TUBE 
BEARING  BARS 


Fig.  4,034. — ^Locomotive  brick  arch  furnace  with  water  tube  bearing  bars  secured  to  the  tube 
sheet  at  one  end  and  to  the  crown  sheet  at  the  other  end.  The  water  circulation  thioiigh 
these  pipes  prevents  burning  out.    Fire  tiles  are  placed  on  top  of  the  bearings  bars. 


9.  In  using  soft  coal  do  not  carry  over  ten  or  twelve  inches  of  fire  in 
the  center  of  the  fire  box;  keep  the  sides  and  corners  a  little  higher;  aim 
to  fire  in  the  corners  and  sides  more  than  in  the  center. 

10.  If  the  boiler  will  not  steam  well  with  a  light  fire ,  more  air  is  probably 
needed  at  the  front  of  the  box.  Leave  the  fire  door  op>en  a  little  way  for 
a  few  seconds  after  putting  in  coal;  it  helps  to  consume  the  smoke. 

11.  Two  shovelfuls  of  coal  is  enough  at  one  time  if  put  on  the  bright 
^pots.    No  boiler  will  steam  well  with  the  fire  box  and  flues  full  of  smoke. 
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12.  If  necessary  to  use  the  hook  be  careful  not  to  mix  the  green  coal 
with  that  partly  consumed. 

13.  Do  not  use  a  slash  bar  if  it  can  be  avoided. 

14.  Be  careful  not  to  get  green  coal  on  the  grates. 

15.  If  the  fire  box  have  an  arch,  keep  a  good  space  open  between  the 
arch  and  the  fire. 

16.  If  the  train  be  heavy,  it  will  need  a  heavier  fire  than  with  a  light 
train  and  a  fast  run;  always  make  calculations  to  fire  according  to  train 
and  speed. 

17.  Hook  out  all  clinkers  from  the  fire  as  soon  as  you  find  them. 

18.  Do  not  fire  much  while  pumps  or  injectors  are  on  full. 

19.  If  the  engine  have  ash  pan  dampers  use  them  when  necessary. 

20.  If  there  be  more  steam  than  is  needed ,  the  dampers  should  be  closed; 
a  certain  amount  of  air  is  necessary  to  make  a  fire  burn  as  it  should;  if 
too  much  air  be  admitted,  the  gases  will  be  chilled;  if  too  little,  they  will 
not  ignite;  no  rule  can  be  made  for  the  exact  amount  of  air  required,  because 
different  kinds  of  coal  require  varying  quantities  of  air;  only  keep  a  bright 
fire  low  in  the  center  of  the  box  where  the  most  air  is  needed  and  watch 
when  the  greatest  fiame  appears  in  the  fire  box  with  the  least  smoke  going 
out  of  the  stack;  attend  to  the  fire  often. 


Mechanical  Stoker  Firing. — The  construction  and  operation 
of  mechanical  stokers  has  been  presented  in  considerable  detail 
in  Chapter  71. 

Stokers  under  ordinary  operating  conditions  will  give  more  nearly  smoke- 
less combustion  than  will  hand  fired  furnaces  and  for  this  reason  must  often 
be  installed  regardless  of  other  considerations.  While  a  constant  air  supply 
for  a  given  power  is  theoretically  secured  by  the  use  of  a  stoker,  and  in 
many  instances  the  draught  is  automatically  governed ,  the  air  supply  should , 
nevertheless,  be  as  carefully  watched  and  checked  by  flue  gas  analysis  as 
in  the  case  of  hand  fired  furnaces. 

There  is  a  tendency  in  all  stokers  to  cause  the  loss  of  some  good  fuel  or 
sifttngs  in  the  ash  pit,  but  suitable  arrangements  may  be  made  to  reclaim 
this. 

In  respect  to  efficiency  of  combustion,  other  conditions  being  equal,  there 
will  be  no  appreciable  difference  with  the  different  types  of  stokers,  provided 
that  the  proper  type  be  used  for  the  grade  of  fuel  to  be  burned  and  the  con- 
ditions of  operation  to  be  fulfilled. 
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No  stoker  will  satisfactorily  handle  all  classes  of  fuel,  and  in  making  a 
selection,  care  should  be  taken  that  the  type  is  suited  to  the  fuel  and  the 
operating  conditions. 

A  cheap  stoker  is  a  poor  investment.  Only  the  best  stoker  suited  to  the 
conditiX)ns  which  are  to  be  met  should  be  adopted,  for  if  there  is  to  be  a 
saving,  it  will  more  than  cover  the  cost  of  the  best  over  the  cheaper  stoker. 

Wetting  GoaL — The  object  of  wetting  coal  is  to  cause  it  to 
btim  slower,  thereby  giving  the  gases  a  better  ch9.nce  to  mix  with 


FALSt 
LCVE.L. 


FiG.  4,035. — ^False  water  level  due  to  jjocket  in  connection  filled  with  condensation.  Whece  a 
pocket  exists  in  the  top  connection  similar  to  AB.  it  causes  a  false  level  in  the  glass  because 
when  the  condensation  fills  the  pocket,  steam  is  shut  off  between  the  glass  and  boiler,  and 
as  it  condenses,  the  pressure  drops  and  the  water  rises  in  the  glass,  giving  a  water  level  above 
the  true  water  level  in  the  boiler.  The  change  of  level  continues  until  the  water  in  the  bend 
is  forced  over  into  the  water  column,  when  the  water  in  the  glass  suddenly  drops  to  its  correct 
reading. 

the  air.  When  coal  is  first  thrown  on  the  fire  it  gives  off  gas 
faster  than  it  can  be  brought  into  contact  with  the  necessary 
amount  of  air  for  complete  combustion. 

Wetting  also  prevents  the  loss  of  fine  coal  dust,  however  no  more  water 
should  be  used  than  is  necessary  because  the  water  must  he  evaporated  and 
this  wastes  heat. 
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Water  Tending. — In  taking  an 
examination  for  engineer's  license, 
probably  the  first  question  the  exam- 
iner wiU  ask  is: 

What  is  the  first  thing  you  would  do  on 
entering  the  boiler  room?  and  your  answer 
should  be,  in  case  you  expect  to  pass  the 
examination:  /  wotdd  find  out  if  there  he 
the  proper  amount  of  water  in  the  boUer, 

Ques.  What  is  the  proper  amount  of 
water  that  should  be  in  the  boiler? 

Ans.  The  water  level  should  be  high 
enough  to  submerge  all  heating  surfaces  ex- 
posed to  intense  heat,  the  exact  level  depend- 
mg  on  the  type  of  boiler  thus: 

1.  In  vertical  through  tube  boilers,  as  hi^h  as  is 
practical  to  operate  without  unduly  increasing  the 
moisture  over  the  steam. 

^  2.  In  horizontal  tubular  marine  boilera,  sufficiently 
high  to  avoid  exposing  any  of  the  heating  surface  due 
to  rolling  of  the  vessel. 

3.  In  locomotive  boilers  sufficiently  hiG[h  to  avoid 
exposing  the  crown  sheet  due  to  inclination  of  the 
locomotive  in  descending  a  hill. 

4.  The  safe  range  of  water  level  is  detained  by  the 
designer  in  locating  the  water  gauge,  and  in  general, 
the  water  level  is  normally  carried  between  the  second  and 
top  cocks. 

If  the  examiner  take  a  delight  in  trying 
to'**  trip' 'the  candidate  the  question  may 
be  somewhat  as  follows: 

Ques.  Does  the  water  gauge 
show  the  true  level  of  the  water 
in  the  boiler? 

Ans.     No. 

Ques.    Why  not? 

Fig.  4 ,086 . — ^Proper  method  of  connecting  water  column 
to  boiler.  By  the  use  of  two  crosses  and  plugs  the 
entire  system  is  made  accessible  for  internal  cleaning 
which  IS  important.    Thus  by  removing  plugs  M 

and  S,  the  column  may  be  cleaned,  and  by  removing  L  and  F,  the  connections  to  boiler. 

Preferably  a  cock  should  be  used  instead  of  plug  S,  which  would  permit  frequent  blowmg 

oflf  of  the  column  and  facilitate  draining  when  laid  up  in  cold  weather. 
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Ans.  Because  the  density  of  the  water  in  the  glass  at  relatively- 
low  temperature  is  greater  than  the  density  of  the  water  in  the 
boiler  at  relatively  high  temperature,  hence  the  level  indicated 
by  the  glass  is  lower  than  the  true  level  as  shown  in  fig.  4,087. 

Ques. — ^What  is  the  indication  that  the  water  gauge  is 
not  working? 

Ans.    A  stationary  water  level. 


FALSE 
LEVEL 


cold; 

HEAVY 
WATER 


HOT,  LIGHT 
WATER 

Fig.  4,087. — ^Palse  water  level  due  to  difference  in  density  of  the  cold  water  in  the  gauge 
glass  and  the  hot  water  in  the  boiler.  The  difference  between  the  two  levels  is  considerably 
exaggerated  for  clearness,  in  reality  this  difference  is  very  small  and  may  be  disregarded. 

When  all  the  connections  axe  clear,  the  level  will  fluctuate  up  and  down 
more  or  less  depending  on  the  type  of  boiler,  being  especially  marked  or 
"lively"  in  a  water  tube  boiler. 

Ques.    If  the  gauge  appear  stationary,  how  is  it  tested 
to  determine  if  it  be  in  working  order? 

Ans.     Open  drain  cock  wide  till  all  water  disappears  from 
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glass,  then  close  and  if  gauge  be  in  proper  working  order,  water 
will  rise  at  once  to  former  level. 

Ques.  How  should  steam  be  raised  in  a  vertical  tubular 
boiler  with  through  tubes? 

Ans.  To  prevent  burning  the  tubes  the  boiler  should  be 
entirely  filled  with  water,  leaving  a  vent  by  raising  the  safety 
valve  or  blocking  open,  whistle  valve  to  allow  for  expansion  of 
the  water  as  it  is  heated. 


FFEED 
PUMP 


REDUCTION 
GEAR 


ENGINE  SHAFT 


Fig.  4 ,088. — Diagrammatic  sketch  illustrating  ideal  method  of  boiler  feeding.  The  feed  pump 
is  driven  by  the  main  engine  through  suitable  reduction  gear  (in  cases  where  engine  run? 
too  fast  for  direct  connection).  The  pump  thus  ox>erates  continuously  at  main  engine  effi- 
ciency. In  condenMing  plants,  the  condensate  delivered  from, condenser  to  hot  well  is 
pumped  into  boiler  by  the  feed  pump.  Since  the  latter  of  necessity  has  excess  capacity ^  a 
by  pass  valve  M,  is  provided  so  that  the  excess  may  be  returned  to  the  hot  well,  otherwise 
the  hot  well  would  soon  empty  and  the  pumi>  would  force  both  water  and  air  into  the  boiler. 
By  close  adjustment  of  valve  M,  the  water  is  pumped  into  the  boiler  at  the  same  rate  it  is 
delivered  to  hot  well  by  the  air  pump,  thus  the  suction  pipe  remains  covered  with  water  pre- 
venting any  air  being  carried  over  into  the  boiler.  In  time  the  water  level  in  the  boiler  gradu- 
atty  falls,  due  to  loss  of  water  through  stuffing  1x>xes.  whistle  and  safety  valve,  and  this 
may  be  made  up  by  closing  M ,  and  o^nin^  make  up  valve  S.  When  the  water  rises  to  the 
normal  level  S,  is  closed  and  M,  again  adjusted.  By  providing  a  small  valve  R,  m  the  by 
pass  pipe  this  valve  may,  be  used  to  shut  oft  the  by  pass  so  that  when  the  correct  adjustment 
of  Mt  has  been  found,  it  need  not  be  again  disturbed. 
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Ques.  How  high  should  the  water  be  carried  in  a  ver- 
tical boiler,  and  why? 

Ans.  As  high  as  can  be  without  causing  wet  steam,  because 
it  increases  the  efficiency  of  the  heating  surface,  and  prolongs 
the  life  of  the  tubes. 

In  the  author's  boilet  „    „      . 

and  dryer  to  permit  carrying  abnormally  high  w 
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Ques.    How  should  water  be  fed  to  a  boiler? 

Ans.     In  general  the  feed  shotild  be  continuous,  though  in 
sotne  special  cases  intermittent  feed  is  more  desirable. 

Where  the  load  is  constant,  or  nearly  so,  as  in  marine  service,  a  pump 
operated  by  the  main  engine,  pumping  water  into  the  boiler  (from  the 
hot  well),  at  the  same  rate  it  is  being  evaporated  is  the  ideal  method. 

Again,  a  locomotive,  especially  in  hilly  sections,  demands  an  intermittent 
•  feed.    Thus,  while  descending  a  long  grade  with  throttle  closed,  the  boiler 
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Fig  .  4 ,001 . — ^Peed  pump  piping  and  indications  of  'ptoptr  operation .  There  should  he  a  globe 
valve  next  the  boiler  so  that  in  case  the^  pump  fail  to  operate  the  check  valves  may  be 
examined  with  boiler  under  steam  by  closing  the  globe  valve.  When  the  pump  is  working 
properly,  it  will  feel  cool,  but  if  anything  become  lodged  under  the  checks,  the  pump  will 
feel  warm .  indicating  back  flow  of  water  throu(;h  the  pum^  from  the  boiler.  Proper  operation 
with  cool  feed  water  is  further  indicated  by  condensation  on  the  surface  of  the  feed  line, 
especially  in  hot  engine  rooms. 

may  be  filled  to  the  top  gauge  and  then  shut  off.  This  prevents  the  safety 
valve  blowing  off,  and  during  the  ascent  of  the  next  grade  when  every  pound 
of  steam  is  needed,  the  evaporation  is  not  reduced  by  absorption  of  heat 
in  the  feed  water. 

Ques.    What  means  is  used  to  prevent  loss  of  feed  water 
by  the  safety  valve  blowing  off  on  a  vessel  when  landing? 

Ans.    A  "bleeder"  or  connection  between  boiler  and  condenser 
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is  provided.  The  bleeder  valve  is  opened,  allowing  steam  to 
blow  through  into  the  condenser,  the  condensate  being  pumped 
back  into  the  boiler  by  the  air  pump. 

With  this  arrangement  independent  feed  and  air  ptimps  must  be  itsed  or 
the  engine  must  be  turned  over  slowly  so  as  to  ptunp  the  condensate  into 
the  hot  well  with  the  air  pump  and  thence  into  the  boiler  with  the  f  e^ 
pump. 

CONNECT  CLOSE.  TO  THROTTLE 
TO  PREVENT  ACCUMULATION 
OF  CONDENSATION. 


THROTTLE 


Fig.  4,002.— Combination  "bleeder,**  and  main  steam  pipe  drain.  When  thus  connected  tha 
steam  pipe  may  be  drained  and  warmed  up  before  opening  the  throttle,  thus  reducing  the 
amotmt  of  water  to  be  worked  through  the  engine  in  the  warming  up  process  preliminary  to 
starting,  and  facilitating  same,  especially  with  multi»stage  expansion  engines.  BxampiBg 
Calculate  size  of  bleeder  pipe  for  a  30  horse  power  boiler  to  take  care  of  50  per  cent  of  boiler 
capacity  at  10,000  feet  flow,  steam  pressure  125  x>ounds.  Fifty  per  cent,  of  30  h.p.  a-lS  h.p, 
(15  X30)  +60  ■"7.5  pounds  of  steam  discharged  per  minute.  Volume  of  1  pound  of  steam  at 
125 potmds pressure  (from  table  i>age  43,  vol.  1)  *>3.210  cuUc  feet.  Volume  of  steam  dis- 
charged at  125  pounds  pressure  *>3.219  X7.6  ">24.14  cubic  feet. 


area  bleeder  pipe 


24.14 


X144  « .348  square  inches 


10,000 
Size  of  bleeder  pipe  having  nearest  (larger)  transverse  area  (from  table,  page  2,008h  u  fi  inch* 

Transverse  area 

at  10,800  feet  flow,  or  (23  -1-30)  XlOO  "77  per  cent  boiler  capacity. 


.533 


5.33  square  inches,  heace  this  pipe  will  take  care  of  15  h.p.  X-^rg  ■•23  h.p. 


Ques.    What  are  the  indications  that  the  feed  pump  is 
working? 

Ans.     The  "click"  or  noise  made  by  the  check  valve  each  time 
it  seats,  also  the  low  temperature  of  the  pump  and  feed  line. 
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If  the  feed  piunp  do  not  work,  take  off  bonnets  of  both  checks  and  exam- 
ine valve  and  seats  for  dirt  or  other  foreign  matter. 

A  globe  valve  should  be  provided  between  check  and  boiler  to  permit  such 
examination  while  under  steam. 

A  relief  valve  should  also  be  provided  in  case  the  pump  be  started  before 
opening  globe  valve,  otherwise  the  apparatus  may  burst  from  over  pressure, 
especially  on  an  engine  driven  pump. 
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Pigs.  4,093  and  4,094. — Sectional  view  of  locomotive  boiler  with  dangerously  low  water  level, 
illustrating  why  the  feed  pump  should  not  be  turned  on.  With  the  feed  pump  in  operation  the 
water  level  s[raaually  rises  and  when  it  reaches  the  elevation  of  the  crown  sheet  this  extended 
area  of  heating  surface  (now  red  hot) ,  becomes  suddenly  flooded  with  water  with  the  result 
that  steam  is  generated  quicker  than  can  be  discharged  by  the  safety  valve ,  hence  the  presstxre 
rises,  brinp^ing  more  strain  on  the  crown  sheet  already  weakened  by  the  excess  heat,  and 
therefore  increasing  the  chances  of  an  explosion. 


Ques.  If  on  entering  the  boiler  room  you  would  find 
the  water  out  of  glass,  safety  valve  blowing  off  strong,  and 
a  good,  hot  fire  under  boiler,  what  should  be  done? 
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Ans.  First,  the  fire  should  be  smothered  as  quickly  as  possible 
with  wet  ashes,  earth  or  coal,  closing  ash  pit  doors  and  leaving 
furnace  doors  and  damper  open.  If  now  it  be  found  that  the 
water  has  not  fallen  below  the  level  of  either  the  crown  of  any 
other  extended  area  of  heating  surface,  the  feed  pump  may  be 
started  with  perfect  safety,  but  if  this  certainty  cannot  be  assured, 
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Figs.  4,005  and  4,096.~Elementary  boilers  illustrating  the  difference  between  priming  and 
foaming,  and  the  conditions  which  produce  these  effects. 


the  boiler  must  be  cooled  down  completely,  carefully  inspected, 
and  repaired  if  necessary.  If  no  part  of  the  exposed  metal  be 
heated  to  redness,  there  is  no  danger  except  from  a  rise  in  the 
water  level  sufficient  to  flood  the  overheated  metal.  Hence,  care 
should  be  taken  that  the  safety  valve  be  not  raised  so  as,  to  pro- 
duce a  priming  that  might  throw  the  water  over  the  overheated 
metal,  and  that  no  change  be  made  in  the  working  of  either  engine 
and  boiler  that  shall  produce  priming  or  an  increased  pressure. 
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If  any  portion  of  the  boiler  plate  be  red  hot,  an  additional  danger  is  d^e 
to  the  steam  pressure,  which  should  be  reduced  by  continuing  the  engine 
in  steady  operation  while  extinguishing  the  fire;  If  the  safety  valve  be 
touched  at  such  a  time  it  should  be  handled  very  cautiously,  allowing  the 
steam  to  issue  steadily  and  in  such  quantity  that  the  steam  gauge  does  not 
show  any  sudden  fluctuations  while  falling.  The  damping  of  the  fire  with 
wet  ashes  will  reduce  the  steam  pressure  very  promptly  and  safely. 

Ques.    What  is  priming,  and  what  causes  it  ? 

Ans.  A  boiler  primes  when  it  lifts  the  water  level  and  delivers 
steam  containing  spray  or  water  as  in  fig.  4,095.  It  is  usually 
caused  by  forcing  a  boiler  too  hard  or  by  a  too  high  water  level, 
or  a  combination  of  both  these  causes. 

When  a  boiler  primes  violently  it  may  be  necessary  to  close  all  outlets  to 
find  the  true  water  level. 

Ques.    What  is  foaming,  and  what  causes  it? 

Ans.  Foaming  is  severe  priming  or  agitating  of  the  water 
level  due  to  dirty  or  impure  water,  as  showh  in  fig.  4, ,096. 

Ques.  In  case  of  fire  in  the  building,  what  should  be 
done? 

Ans.  Haul  fire  from  under  boiler,  start  fire  tank  pump  and 
abandon  boiler  room. 

Ques.  If  fire  had  gained  such  headway  that  there  was 
no  time  to  haul  fire  from  under  boiler,  what  should  be 
done? 

Ans.  Open  furnace  doors,  start  feed  and  tank  pump  full 
speed  and  abandon  boiler  room. 

In  case  building  had  its  own  electric  plant,  the  engine  should  be  left 
running. 

The  term  care  as  here  used  relates  chiefly  to  the  method 
employed  in  keeping  the  various  parts  of  the  boiler  clean  and 
in  proper  condition. '  For  satisfactory  and  economical  operation 
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ewdently  the  extreme  surfaces  should  be  kept  free  of  soot,  and 
the  interior  surfaces  of  scale  and  other  impurities.  When  a  boiler 
is  laid  up  for  any  length  of  time  it  should  receive  proper  attention 
to  protect  it  from  rapid  deterioration. 


Fig.  4,097. — Soot  bs  en  insulator.  Soot  ii  about  five  timei  u  ef&ctive  as  fine  ubestoi  as  a 
lisat  insulator.  If  two  containcn  insulated  in  the  manner  shown  be  ^led  ^th  water  and 
on  Mnat  amount  of  heat  applied  to  each,  the  water  in  the  ointainei  insulated  with  aabeito* 
win  uunr  the  greatoi  increase  in  leinperature . 


Pig.  4.0SR.— How  a  boiler  is  cleaned  tv  hand.  A  man  must  itand  on  a  ladder,  and 
height  for  modeni  settinss.  and  honfUe  a  hot,  fleiible  steam  hoae  which  is  liable  to 
bum  him.  The  widths  the  alley  limits  tlia  length  of  a  iteaoi  lance  which  can  b 
the  distance  icached  inside  the  setting. 
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Anali^sis  of  same  samples  taken  from  a  boiler  show  beside  pure  soot,  the 
presence  of  silica,  aluminum,  iron  oside,  various  alkalis,  and  sulphur 
dioxide. 
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These  particles  are  in  a  plastic  state  when  they  leave  the  furnace  and 
enter  the  tubes,  and  in  this  condition  they  will  adhere  readily  to  any  surface 
with  which  they  come  in  contact. 

If  the  soot  deposit  be  not  removed  frequently,  it  quickly  increases  in 
amount  and,  changes  in  character.  The  carbon  burns  out  in  part  and  the 
mass  tends  to  cement  together.  The  increasing  accumulation  of  soot  in 
the  tubes  interferes  with  the  draught  and  reduces  con»iderablg  Ike 
amount  of  heat  transmitted  to  the  water,  as  is  indicated  by  the  increase  in  the 
temperature  of  the  chimney  gases. 

Soot  is  almost  the  best  insulator  known.  Its  insulating  properties  are 
more  than  five  times  as  effective  as  fine  asbestos.  In  ttiis  connection  it 
^ould  be  noted  that  more  heat  would  be  transmitted  to  the  water  in  the 
boiler  throi^  a  full  1-inch  layer  of  asbestos,  in  the  tubes  than  through , 
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proiKted  through  a  series  of  nozzlea  eo  located  in  bo  arm 

the  flues  against  the  direction  of 

r  other  point  where  relatively  dry 
a  length  of  8  ft.,  in  the  direct  Mth 
for  the  cleaning  operation.    With 

ieUisnotBgainsCthe  emoke  box  doors.   The  operation  o£ 
P.  merely  open  a  drip  valve,  turn  oa  the  steam,  rotate 

a^ss.ts&'sfs. 

Vi  inch  of  soot, 
deposit,  may  be  s 

rhe  loss  of  heat  conductivity  of  boiler  plate,  due  to  soot 
een  from  the  following  table: 

Thickness  of  soot 
clean  tube 

Per  cent,  of  loss 
0 

Thickness  of  soot 
clean  tube 

Per  cent,  of  loss 
0 

>^ineh 
gtooh 

9,6 

Winch 
!^inch 

45.3 
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This  shows  extreme  neceaaity  of  frequent  and  thorough  cleaning  of 

the  healing  surface.  Morever,  another  bad  feature  of  soot  deposits  is  that 
if  they  be  allowed  to  remain,  the  boiler  is  exposed  to  the  corrosive  action  of 
the  various  constituents  of  the  soot. 

Tubes  may  be  cleaned  by  hand  blowing  or  by  special  apparatus^ 
permanently  fixed  to  the  boiler. 

The  objection  to  hand  blowing  is  that  it  is  not  efficient.  Going  after  the- 
tube  surface  of  a  boiler  with  a  steam  lance  is  such  a  hot,  grimy  and  disagree- 
able job  that  it  bas  been  relegated  to  the  "under-dog"  in  the  boiler  room, 
with  the  result  that  even  the  limited  possibilities  of  hand  cleaning  are  seldom 
if  ever  realized. 


Pis.  4.107.-~Section  of  boilerplate  at  a  riveted  joint,  ihswing  the  elTecta  of  corrosion  of  the- 
metsl.  The  normal  surface  of  the  plate  is  indicated  bjr  the  dotted  line  across  the  opening- 
of  the  corroded  gap . 

The  installation  of  a  soot  cleaning  system  will  not  of  itself  remedy  poor 
boiler  operation,  for  unless  the  cleaner  be  correctly  installed  and  operated, 
the  boiler  having  been  tkorougUy  cleaned  just  prior  to  the  installation ,  good 
restdts  cannot  be  obtained. 

The  necessity  of  cleaning  the  boiler  before  the  system  is  installed  is  so 
important  that  it  cannot  be  overlooked,  for  in  many  cases  it  is  found  that 
a  heavy  deposit  is  packed  almost  solid  among  the  tubes  of  boilers  whidi 
hadbeeii"deaned"  by  ahand  lance.  No  cleanerwillremove  such  a  deposit,. 
but  when  it  has  been  removed  by  hand,  the  cleaner,  if  correctly  operated, 
will  prevent  it  forming  in  the  future. 

Corrosion  and  Incrustation. — Boilers  corrode  on  the  outside- 
as  well  as  iw'iftm,  and  to  a  great  extent  unless  carefully  cleaned 
and  painted;  but  it  is  the  damage  caused  by  "hard"  and  acidu- 
lated water  within  the  boiler  that  is  to  be  principally  guarded 
against. 
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Ques.    What  is  corrosion? 

Ans.     Corrosion  is  simply  rusting  or  the  wasting  away  of  the 
surfaces  of  metals,  for  instance,  as  shown  in  fig.  4,109. 

Corrosion  is  a  trouble  from  which  few  if  any  boilers  escape.  The  principal 
causes  of  external  corrosion  arise  from  undue  exposure  to  the  weather, 
improper  setting,  or  possibly  damp  brick  work,  leakage  consequent  upon 
faulty  construction,  or  negligence  on  the  part  of  those  having  them  in 
charge. 


Fig.  4,108. — Tube  from  the  lower  row  of  a  tubular  boiler  in  a  sug^ar  refinery.  On  account  of 
sugar  in  the  boiler,  the  tube  became  overheated  and  gave  away  in  the  furnace.  No  elonga- 
tion was  observed  at  the  place  of  the  fracture. 

Damp  ashes  contain  a  considerable  amount  of  alkaline  salts  of  enough 
strength  to  vigorously  attack  the  iron.  The  soot  in  the  tubes  also  becomes 
charged  with  acids,  especially  where  wood  has  been  used  for  fuel.  Where' 
coal  IS  used  the  soot  becomes  charged  with  sulphur  acids,  and  the  combina- 
tion of  these  acids  causes  corrosion.  Keeping  the  tubes  free  from  soot  by 
frequent  cleaning  prevents  the  acids  doing  any  damage,  and  by  keeping 
the  boiler  dean  and  dry,  external  corrosion  is  practically  eliminated. 


Fig.  4.109. — Corrosion  of  boiler  shell  along  seam.  This  eating  away  of  the  plates  is  due  to 
the  chemical  action  of  impure  water.  Gases  absorbed  by  water,  such  as  sulphuretted  hydro- 
gen and  carbon  dioxide  ar»  very  active  in  the  corrosion  of  boiler  plates.  Grease  and  organic 
matter  also  promotes  corrosion. 


Ques.    What  is  the  cause  of  internal  corrosion? 

Ans.  It  is  due  to  the  presence  in  the  water  of  some  oxidizing 
agent,  such  as  air,  carbonic  acid,  free  acids  and  dissolved  salts 
which  have  a  corrosive  action  on  iron  and  steel. 
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Ques.  What  part  of  the  boiler  Is  especially  susceptible 
to  corrosion  and  why? 

Ans.  Corrosion  occurs  especially  along  the  water  line  because 
the  air  in  the  water  on  being  given  up  during  evaporation,  being 
heavier  than  the  steam,  collects  in  a  layer  between  the  water  and 
the  steam  and  attacks  the  metal  at  this  point. 

Ques.    What  is  pitting? 


Fjc.  *,U0.- 

■bould  b« 


Ans.  It  consists  of  a  series  of  holes  often  running  into  each 
other  in  lines  and  patches,  eaten  into  the  surface  of  the  iron  to  3. 
depth  sometimes  of  one-quarter  of  an  inch. 


The  best  waters,  such  as  rain  and  snow,  generally  contain  dissolved  gases. 
and  when  used  in  a  dean  boiler  will  sometunes  cause  pitting  and  corrosion » 
due  to  the  fact  that  the  free  acids  and  gases  have  not  spent  their  strength 
on  the  elements  of  the  earth ,  and  they  enter  the  boiler  with  their  full  power. 
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When  a  boiler  is  merely  warm,  pitting  and  corrosion  occur  to  a  much 
greater  extent  than  when  under  pressure.  The  reason  for  this  is  that  the 
acids  and  gases  are  liberated  when  under  pressure  and  pass  out  with  the 
steam,  whereas,  in  a  boiler  that  is  merely  kept  warm  there  is  not  enough 
heat  to  drive  out  the  acids,  leaving  them  in  the  water  to  continue  their 
corrosive  action  imtil  they  have  entirely  spent  their  strength. 

When  a  boiler  is  kept  out  of  service  for  any  great  length  of  time,  care 
should  be  taken  to  see  that  the  water  in  it,  if  it  nave  corrosive  tendencies, 
is  neutralized  by  the  addition  of  a  proper  chemical,  such  as  soda  ash. 

Ques.    What  is  frequently  used  in  boilers  to  prevent  the 
corrosive  action  of  water  on  the  metal? 

Ans.     Zinc. 


IJ'iG.  4,111. — ^Water  leg  of  vertical  boiler  showing  comers  of  the  shell  and  furnace  plate  at  the 
level  of  the  foundation  ring. 

Slabs  of  zinc  are  suspended  in  the  water  by  means  of  wires  which  are 
soldered  to  the  upper  part  of  the  shell  so  as  to  make  an  electrical  connection. 


Ques.    Explain  the  action  of  the  zinc. 

Ans.  The  zinc  forms  one  element  of  a  galvanic  battery  and 
the  iron  the  other,  with  the  result  that  the  zinc  is  eaten  away 
and  the  iron  is  protected. 
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On  account  of  this  action  it  is  generally  believed  that  zinc  will  prevent 
corrosion  and  that  it  cannot  be  harmful  to  the  boiler.  In  numerous  cases, 
however,  zinc  has  not  only  been  of  no  use,  but  has  even  been  harmful.  In 
one  case  a  tubular  boiler  contained  scale  consisting  chiefly  of  organic 
matter  and  lime,  and  zinc  was  tried  as  a  preventive.  The  beneficial  action 
of  the  zinc  seemed  apparent  for  some  time  imtil  the  water  supply  was 
changed.  The  new  water  was  supposed  to  be  free  from  lime,  and  after 
three  months'  use,  the  tubes  and  shell  were  fo\md  to  be  coated  with  an 


Fig.  4,112. — Angle  iron  from  an  internal  furnace  boiler,  being  a  piece  of  the  angle  iron  attaching 
one  of  the  furnaces  to  the  front  end,  and  illustrating  a  crack  enlarged  by  corrosion  which 
runs  all  along  the  iron.  The  latter  is  further  deeply  corroded.  The  corrosion  is  in  the  form 
of  pitting  which  is  practically  continuous. 

obstinate  adhesive  scale,  composed  of  zinc  oxide,  organic  matter  and  the 
sediment  of  the  water.  The  deposit  became  so  heavy  in  places  as  to  cause 
overheating  and  bulging  of  the  plates  over  the  fire. 

Test  for  Corrosiveness, — Fill  a  ttunbler  nearly  full  of  water,  then  add 
a  few  drops  of  methyl  orange.    If  the  water  be  acid  and  corrosive,  it  will 


Figs.  4,113  and  4,114. — Fractured  Galloway  tubes.  In  fig.  4 ,113  the  upper  flange  is  fractured 
all  round  the  circumference  and  the  lower,  two- thirds  around.  At  the  prolongation  of  the 
fractures,  cracks  both  superficial  and  otherwise  were  noticed.  The  appearance  of  the  frac- 
tures seems  to  indicate  that  the  metal  was  very  brittle.  In  the  tube,  fig.  4,114,  the  upper 
flange  is  fractured  at  the  beginning  of  the  curvature  for  nearly  the  whole  of  the  circumference. 


become  pink,  but  if  it  be  alkaline,  and  harmless,  it  will  turn  yellow.  In 
case  the  water  in  boiler  be  tested  and  foimd  to  be  corrosive,  and  if  corrosion 
has  set  in,  the  water  in  the  gauge  glass  will  appear  red,  or  it  may  be  black. 
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r,  lime  or  soda  should  be  iatro- 

Ques.    What  is  Incrustatloti? 

Ans.  The  term  incrustation  means  simply  a  coating  over,  the 
coating  being  commonly  known  as  scale. 

Ques.    Describe  the  formation  of  scale. 

Ans.  Water,  on  becoming  steam,  is  separated  from  the 
impurities  which  it  may  have  contained,  and  these  form  sediment 
and  incrustation. 


Fws.  4.116  and  4,116.— View  and  seetiop  of  Galloway  tube.  Bhowina  a  bulge,  the 

In  condensing  plants  where  the  condensate  is  returned  to  the  boiler ,  more 
or  less  oil  is  earned  into  the  boiler,  the  minute  globules  of  oil,  if  in  great 
quantity,  coalesce  to  form  an  oily  scum  on  the  surface  of  the  water,  or  if 
present  in  snwller  quantities,  remain  as  separate  drops;  but  show  no  ten- 
dency to  sink,  as  they  are  lighter  than  water. 

Slowly,  however,  they  come  in  contact  with  small  particles  of  other  solids 
separatmg  from  the  water  and  sticking  to  them,  they  gradually  coat  the 
particles  with  a'covering  of  oil,  which  in  time  enables  the  particles  to  cling 
together  or  to  the  surfaces  which  they  come  in  contact  with.  These  solid 
particles  of  calcic  carbonate,  caldc  sulphate,  etc.,  are  heavier  than  Uie 
water,  and.,  as  the  oil  becomes  more  and  more  loaded  with  them,  a  point  is 
readied  at  which  they  have  the  same  specific  gravity  as  the  water,  and 
then  the  particles  rise  and  fall  with  the  convection  currents  which  are  going 
on  in  the  water,  and  stick  to  any  surface  with  which  they  come  in  contact, 
in  this  way  depositing  themselves,  not  as  in  common  lioiler  incrustation, 
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where  they  are  chiefly  on  the  upper  surfaces,  but  quite  as  much  on  the  under 
sides  of  the  tubes  as  on  top. 

The  deposit  so  formed  is  a  moSt  efficient  heat  insulator,  and  also  from  its 
oily  surface  tends  to  prevent  intimate  contact  between  itself  and  the  water. 
On  the  crown  of  the  furnaces  this  soon  leads  to  overheating  of  the  plates, 
and  the  deposit  be^ns  to  decompose  by  heat,  the  lower  layer  m  contact  with 
the  hot  plates  giving  off  various  gases  which  blow  the  greasy  layer,  ordi- 
narily only  \ii  inch  in  thickness,  up  to  a  spongy  leathery  mass  often  yi  inch 
thick,  which,  because  of  its  porosity  is  an  even  better  insulator  than  before, 
and  the  plate  becomes  heated  to  redness. 

When  water  attains  a  temperature,  as  it  does  under  increasing  pressure, 
ranging  from  175®  to  about  420®  Fahr.,  all  carbonates,  sulphates  and  chlor- 
ides are  deposited  in  the  following  order: 

First.    Carbonate  of  lime  at  176  ®  and  248  ®  l^ahr . 

Second.     Sulphate  of  lime  at  248®  and  420®  Fahr. 

Third.     Magnesia,  or  chlorides  of  magnesium,  at  324®  and  364®  Fahr. 

The  following  shows  the  content  of  the  average  boiler  scale: 

Analysis  of  Average  Boiler  Scale 

Parts  per  100  parts 
of  deposit 

Silica .042  parte 

Oxides  of  iron  and  aluminum 044  ** 

Carbonate  of  Hme 30.78  " 

Carbonate  of  magnesia 61.733  " 

Sulphate  of  soda trace 

Chloride  of  sodium trace 

Carbonate  of  soda 9.341  ** 

Organic  matter 8.06  " 

Total  solids 100.        parte 

Ques.    What  is  the  proper  method  of  eliinkiating  scale? 

Ans.  Sonae  reagent  should  be  used  which  will  precipitate  the 
scale-forming  ingredients  and  soluble  salts,  and  convert  them 
into  insoluble  salts  without  increasing  the  total  amount  of  solids. 

Ques.    What  two  methods  are  employed? 

Ans.  By  treating  the  feed  water  before  it  enters  the  boiler, 
or  by  putting  the  chemicals  into  the  boiler  direct. 
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The  best  way  to  eliminate  trouble  from  scale  is  to  remove  the  scale 
forming  matter  from  the  feed  water  before  it  enters  the  boiler.  Where 
there  is  only  a  small  amount  of  such  matter  in  the  water,  the  expense  of  a 
water  treating  system  may  not  be  justified,  and  it  will  be  cheaper  to  remove 
the  scale  from  the  boiler.  The  boiler  shoiald  be  opened  at  regular  intervals 
in  order  to  note  the  rapidity  with  which  scale  forms  or  the  rapidity  with 
which  it  comes  off  if  a  compoimd  be  used. 

A  very  efficient  method  of  removing  scale  forming  substance  from 
the  feed  water  consists  of  heating  the  water  to  boiler  temperature 
before  it  enters  the  boiler. 


Figs.  4,117  and  4,118. — Piece  of  furnace  plate  of  a  semi-tubular  boiler,  with  drums  fed  with 
verv  hard  water,  and  section  of  same.  The  tubes  were  arranged  too  near  one  another, 
making  serious  cleaning  impossible.  The  scale  detached  for  the  tubes  formed  patches  on 
the  furnace  plates  and,  under  these,  bulges  developed,  several  being  formed  each  year. 
The  piece  shown  is  fractured  at  the  lowest  part  at  the  front  of  minimum  thickness. 

The  preheating  is  accomplished  by  means  of  a  live  steam  heater  and 
purifier,  and  in  some  cases  provision  is  made  for  the  automatic  introduction 
at  a  suitable  reagent  for  the  chemical  treatment  of  the  water,  for  the  proper 
sedimentation,  filtering  and  testing  of  the  water,  and  for  automatically 
supplying  the  pumps  with  hot  softened  water,  should  the  filter  become  over- 
burdened through  clogging  or  under  peak  load  conditions. 

In  view  of  the  increasing  importance  laid  upon  a  knowledge 
of  the  chamical  formation  of  feed  water,  a  few  chemical  terms 
are  here,  given  to  indicate  the  direction  in  which  the  advanced 
engineer  must  push  his  inquiries. 
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Chemical  Terms 

Eiement, — In  general,  the  word  element  is  applied  to  any  substance 
wtiich  has  as  yet  never  been  decomposed  into  constituents  or  transmuted 
to  any  other  substance,  and  which  differs  in  some  essential  property  from 
every  other  known  body.  The  term  simple  or  undecotnposed  substance  is 
often  used  synonymously  with  element. 

There  are  about  TO  simple  demtnls,  thTee-quartfrs  of  which  are  to  be  met  with  only  in 

Biiuple  elements — Ike  metal  irridium,  for  ixampU,  is  a  rare  dmunt — it  13  the' metal  which  tips 
the  ends  of  sold  .pens — it  is  heavier  than  Bold  and  much  more  valuable.    Probably  (hen  an 


^.  4,119, — Pans  for  Hoppes  eihatist  steam  feed  water  heater  showing  \&sge  amount  of  scak 
precipitated  by  heating  the  feed  water  and  how  the  scale  adheres  to  the  underneath  surface 
of  the  pans.  The  secoad  paa  ttom  the  right  stiows  the  deposit  of  scale  on  the  inside  01 
iToush  o£  the  pan. 

A  Re- Agent  is  a  chemical  used  to  investigate  the  qualities  of  some  other 
diemical — example,  hydrochloric  acid  is  a  re-agent  in  finding  carbonic  add 
in  limestone,  or  carbonate  of  lime,  which  when  treated  by  it  will  give  up  its 
free  carbonic  acid  gas,  which  is  the  same  as  the  gas  in  soda  water. 
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oxidation.    Iron  after  it  is  rusted  is  the  oxide  of  ir 

A  Carbonate  is  en  element,  such  as  iron,  sodium,  etc.,  which  forms  a 
union  with  carbonic  acid — the  latter  is  a  mixture  of  carbon  and  oxygen  in 
the  proportion  of  1  part  of  carbon  to  2  of  oxygen .  Carbonic  add ,  as  is  well 
known,  does  not  support  combustion  and  is  one  of  the  gases  whidi  come 
from  perfect  combustion.  This  acid,  or  what  may  better  be  termed  a  gas, 
is  plentifully  distributed  by  nature  and  is  found  principally  combined  with 
lime  and  magnesia,  and  in  this  state  {i.e.,  carbonate  of  lime  and  carbonate 
of  magnesia)  is  one  of  the  worst  enemies  to  a  boiler. 

An  Acid  is  a  liquid  which  contains  both  hydrogen  and  ojtygen  combined 
with  some  simple  element  such  as  chlorine,  suljyiur,  etc.  It  will  always 
turn  blue  litmus  red,  and  has  that  peculiar  taste  known  as  addity;  adds 


Alkalies  are  the  opposite  to  an  acid;  they  are  prindpally  potash,  soda 
and  ammonia — these  combined  with  carbonic  acid  form  carbonates.  Sal- 
soda  is  carbonate  of  soda. 

A  Chloride  is  an  element  combined  with  hydrochloric  add — common  salt 
is  a  good  example  of  a  chloride — bdng  sodium  united  with  the  element 
(Monne,  which  is  the  basis  of  hydrochloric  acid.  Chlorides  are  not  abun- 
dant in  nature  but  all  waters  contain  traces  of  them  more  or  less  and  they 
are  not  particularly  dangerous  to  a  boiler. 

Lime,  whose  chemical  nameiscaii;tHm,isa  white  alkaline  earthy  powder 
obtained  from  the  native  carbonates  of  lime,  such  as  the  different  calcerous 
stones  and  sea  shells,  by  driving  off  the  carbonic  acid  in  the  process  of 
calcination  or  burning. 

Sulphates  are  formed  by  the  action  of  sulphuric  add  (commercially 
known  as  the  oil  of  vitriol)  upon  an  element^such  as  sodium,  magnesia,  etc. 
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The  union  of  sodium  and  sulphuric  acid  is  the  well-known  glauber  salts — this  is  nothing 
more  than  sulphate  of  soda;  sulphate  of  lime  is  nothing  more  than  gyPsum.  Sulphates  are  dan- 
gerous to  boilers,  if  in  large  quantities  should  they  give  up  their  free  acid — the  action  of  the  latter 
being  to  corrode  the  metal. 

The  peculiarity  about  the  sulphate  of  lime  is  that  the  colder  the  water ,  the  more  of  it  ufill  he 
held  in  solution.  Water  of  ordinary  temperture  may  hold  as  high  as  7  iper  cent,  of  lime  sulphate 
in  solution,  but  when  the  temperature  of  the  water  is  raised  to  the  boiling  point,  a  portion  of  it 
is  precipitated,  leaving  about  .5  of  one  per  cent,  still  in  solution.  Then,  as  the  temperature  of 
the  water  is  raised,  still  more  of  the  sut^tanoe  is  precipitated  and  this  continues  until  a  guage 
pressure  of  41  pounds  has  been  reached  which  gives  a  temperature  of  about  200  degrees;  at 
this  point  all  the  sulphate  of  lime  has  been  precipitated. 

Many  other  scale  forming  substances  act  in  a  similar  manner.  This  shows  auite  ^ainly 
that  any  temperature  that  can  be  produced  by  the  use  9f  exhaust  steam  wotild  not  be  sufficient 
to  cause  the  precipitation  of  ail  the  substances  which  might  be  contained. in  the  water. 

Silica  is  the  gritty  part  of  sand — ^it  is  also  the  basis  of  all  fibrotis  vegetable 
matter — a  familiar  example  of  this  is  the  ash  which  shows  in  packing,  which 
has  been  burnt  by  the  neat  in  steam;  b)r  a  peculiar  chemical  treatment 
silica  has  been  made  into  soluble  glass — a  liquid— 65  per  cent,  of  the  earth's 
crust  is  composed  of  silica — ^it  is  the  principal  part  of  rock — pure  white  sand 
is  silica  itself — it  is  composed  of  an  element  called  sUtcum  combined  with 
the  oxygen  of  the  air.  Owing  to  its  abimdance  in  nature  and  its  peculiar 
solubility  it  is  found  largely  in  all  waters  that  come  from  the  earth  and  is 
present  in  all  boiler  scale. 

In  water  analysis  the  term  insoluble  matter ^  is  silica.  This  is  one  of  the 
least  dangerous  of  all  the  impurities  that  are  in  feed  water. 

Magnesia  is  a  fine,  light,  white  powder,  having  neither  taste  nor  smell, 
almost  insoluble  in  boiling,  but  less  so  in  cold  water.  Magnesia  as  found  in 
feed  water  exists  in  two  states,  oxide  and  a  carbonate,  when  in  the  latter 
form  and  free  from  the  traces  of  iron,  tends  to  give  the  yellow  coloring 
matter  to  scale — in  R.  R.  work,  yellow  scale  is  called  magnesia  scale. 

Carbonate  of  Magnesia  is  somewhat  more  soluble  in  cold  than  in  hot 
water,  but  still  requires  to  dissolve  it  9,000  parts  of  the  latter  and  2,493  of 
former. 

Magnesia,  in  combination  with  silica,  enters  largely  into  the  composition  of  many  rock^ 
and  minerals,  such  as  soapstone,  asbestos,  etc. 

S€>da  is  a  grayish  white  solid,  fusing  at  a  red  heat,  volatile  with  difficulty, 
and  having  an  intense  affinity  tor  water,  with  which  it  combines  with  great 
evolution  of  heat. 

The  only  re-agent  which  is  available  for  distinguishing  its  salts  from  those 
of  the  other  alkalies  is  a  solution  of  antimoniate  of  potash,  which  gives  a 
white  precipitate  even  in  diluted  solutions. 

Sodium  is  the  metallic  base  of  soda.  It  is  silver  white  with  a  high  luster; 
crystallizes  in  cubes;  of  the  consistence  of  wax  at  ordinary  temperatures, 
and  completely  liquid  at  194®,  and  volatilizes  at  a  bright  red  heat.  It  ia 
very  generally  diffused  throughout  nature  though  apparently  somewhat  lesa 
abundantly  than  potassitmi  in  the  solid  crust  of  the  globe. 
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lothydtomelerand  thermomelera.    There  ia  b  short 
_..  inside  tube,  which  is  sealed  b1  the  upperend  witha 

:t  trom  the  boiJer,  which  is  regulated  bjThs  valve  at  the  bottom,  passes  up  the  BrnJl 
throiiflh  Che  perforated  holes  at  the  top.  thence  down  thrjugh  the  annular  3pfiH~e 
.  ,..      je  leading  into  the  testing  pot,  which  contains  a  hydromeler  and  thermometer, 
latter  being  hung  by  a  spring  hook  on  the  upper  edge  ol  the  pot.    The  middle  eontiection . 


testing  pot  is 


only  us 


™ff,r' 


hoolpn  the  upper  edge 
'hen  required .  a 


I  tube,  and  float 


halves  and  quartets.     It  is  graduated  for  a  temperatui 
that  it  may  assume  its  regular  temperature  under  the 


xceed  2-32.  the  water  m 
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sand  stones,  and  g}rpsum,  and  as  a  base  of  salt  springs,  sea  water,  and 
salt  water  lakes. 

The  proportions  of  its  elements  are  60.4  per  cent,  of  chlorine  and  3.96 
per  cent,  of  sodium. 

In  salt  made  of  sea  water  the  salts  of  magnesia  with  a  little  sulphate  of 
lime  are  the  principal  impurities. 

The  above  mentioned  chemical  substances  can  be  classified  into  two 
distinct  classes:  1,  incrusting,aQd2,  non-incrusting. 

Of  the  incrusting  salts,  carbonate  of  magnesia  is  the  most  objectionable, 
and  any  feed  water  that  contains  a  dozen  grains  per  gallon  of  magnesia  can 
be  expected  to  have  a  most  injurious  effect  on  the  boiler,  causing  corrosion 
and  pitting. 

Carbonate  of  lime,  while  not  as  bad  as  the  magnesia  carbonate,  jret  has 
a  very  destructive  action  on  a  boiler  and  20  grains  per  gallon  of  this  is  con- 
sidered bad  water. 

All  silicates,  oxides  of  iron,  and  aluminum,  and  sulphate  of  lime  are 
also  incrusting.  The  non-incrusting  substances  are  three,  viz.,  chloride  of 
sodium  (common  salt),  and  sulphate  and  carbonate  of  soda. 


Engineer's  Tests  for  Impurities  in  Feed  Water. — Much 
expense  can  be  saved  in  fuel  and  boiler  repairs  by  a  little  pre- 
liminary expenditure  of  money  in  securing  a  supply  of  good  water 
for  the  steam  boilers  of  a  new  establishment.  There  are  reliable 
concerns  who  make  a  specialty  of  analyzing  feed  water  and  advis- 
ing the  proper  treatment  of  same,  and  it  is  advisable  to  have 
them  make  the  analysis  unless  the  engineer  in  charge  be  compe- 
tent to  do  so  and  have  the  apparatus  for  making  the  tests. 
There  are,  however,  a  few  simple  tests  that  anyone  can  make 
which  will  indicate  the  quality  of  the  feed  water. 

Take  a  large  (or  tall)  clear  glass  vessel  and  fill  it  with  the  water  to  be 
tested;  add  a  few  drops  of  ammonia  to  the  water  until  the  water  is  distinctly 
alkaline;  next  add  a  little  phosphate  of  soda;  the  action  of  this  is  to  change 
the  lime,  magnesia,  etc.,  into  phosphates,  in  which  form  they  are  deposited 
in  the  bottom  of  the  glass.    The  amount  of  the  matter  thus  collected  gives 
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a  crude  idea  of  the  relative  quality  of  sediment  and  si 


Teat  for  Acid. — Water  turning  blue  litmus  paper  red,  before  boiling, 
contains  an  add,  and  if  the  blue  color  can  be  restored  by  heatins,  the  water 
contains  carbonic  acid.    Litmus  paper  is  sold  by  druggists. 


Test  for  Determining  Amount  of  Impuritiet. — -Dissolve  ci 
white  or  other  pure  soap  in  a  glass  of  water,  and  then  stir  into  the  glasses  of 
water  to  be  tested  a  few  teaspoonfula  of  the  solution;  the  matter  which 
will  be  deposited  will  show  the  comparative  amount  of  the  scale  making 
material  contained  in  the  feed  water. 


i^ 


Fig.  4.125. — Hoppes  live  steam  feed  water  purifia.    It  eoniftti  o/ b  cyliud 

steel.  hivioB  a  pressed  flange  steelheBil  liveted  inlhebaekendandarcm 
same  matenal  secured  by  studs  and  nuls  to  a  heavy  ring  riveted  to  thi 
Within  the  shell  are  a  number  of  trough-shaped  pans,  or  trays,  located  ■ 
and  supported  on  angle  ways  running  longitudinally  and  fastened  by  bracl 
the  shell.  The  ends  of  the  pans  are  higher  than  the  sides  and  have  project: 
ity  to  rest  upon  the  ways  on  which  thepana  are  adapted  to  elide.  A  vater 
is  provided  and  the  irauge  should  never  show  more  than  half  full  of  water. 


Teat  to  Determine  Proportion  of  Soda  Required. — 1.   Add    H« 

Ktrt  of  an  ounce  of  the  soda  to  a  gallon  of  the  feed  water  and  boil  it.  2. 
When  the  sediment  thrown  down  by  the  boiling  has  settled  to  the  bottom 
of  the  kettle,  pour  the  clear  water  off,  and  3,  add  3^  drachm  of  soda. 
Now,  if  the  water  remain  clear ,  the  soda ,  which  was  first  put  in,  has  removed 
the  lime,  but  if  it  become  muddy,  the  second  addition  of  soda  isnecessary. 
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In  this  way  a  sufficiently  accurate  estimate  of  the  quantity  of  soda 
required  to  eliminate  the  impurities  of  the  feed  water  can  be  made  and  the 
due  proportion  added  to  the  feed  water. 

Te»t  for  Carbonate  of  Lime. — In  half  a  tumbler  of  the  feed  mater 
put  a  small  amount  of  ammonia  and  ammonium  oxalate.  Heat  to  the 
boiling  point.    If  carbonate  of  lime  be  present  a  precipitate  will  be  formed. 


I  and  4.127,— Pans  for  Hopp 


Teat  for  Sulphate  of  Linte. — Add  a  few  drops  of  hydrochloric  acid  and 
a  smail  quantity  of  a  solution  of  barium  chloride  to  three-quarters  of  a  tum- 
bler of  the  feed  water  and  heat  the  mixture  slowly.  If  a  white  precipitate 
form  that  will  not  dissolve  on  adding  a  little  nitric  acid,  sulphate  of  lime  is 
present. 


Tegt  for  Organic  Matter. — Put  a  few  drops  of  sulphuric  acid  inti 
tumbler  of  water,  add  a  sufficient  quantity  of  pink  colored  solution  of  pot 
slum  permanganate  to  make  the  entire  mixture  a  faint  rose  color.  If  af 
standing  three  to  five  hours,  no  change  in  color  occur,  no  organic  mattei 
present. 
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Test  for  Matter  in  Mechanical  Suspension, — ^By  allowing  a  glass  of 
feed  water  to  stand  eight  to  ten  hours,  any  mechanically  suspended  matter 
(if  any) ,  will  settle  to  the  bottom  and  the  amount  of  sediment  may  be  noted. 

Ques.  What  may  be  said  with  respect  to  patented 
boiler  compounds? 

Ans.  fh©  ^^^^  of  most  of  them  is  tannen  (whence  tannic  acid) 
and  some  form  of  alkali,  and  if  the  compounds  were  to  be  deprived 
of  these  two  elements  they  wotdd  be  absolutely  worthless. 

Where  they  contain  sal-ammoniac,  muriatic,  hydrochloric  and  sulphuric 
acids,  they  cannot  but  act  as  boiler  destroying  agents. 

Use  of  Kerosene  in  Boilers. — ^Among  the  substances  which 
act  mechanically,  crude  petroleum  and  kerosene  oils  are  exten- 
sively used.  The  latter  may  be  recommended  as  the  better  of 
the  two,  as  the  crude  oil  will  sometimes  aid  in  scale  formation. 
They  apparently  act  best  when  some  sulphates  are  present,  as 
in  slightly  brackish  waters. 

Ques.    How  does  kerosene  act? 

Ans.  It  prevents  the  particles  of  scale  sticking  closely  together 
or  adhering  to  the  heating  surface,  so  that  much  of  the  matter 
will  collect  as  a  sludge  in  the  bottom  of  the  boiler,  and  that  on 
the  heating  surfaces  will  be  more  easily  removed. 

Ques.  What  precaution  should  be  taken  when  there  is 
reason  to  expect  an  accumulation  in  the  bottom  of  the 
boiler  of  deposits  thrown  down  in  a  loose  or  powdery  form? 


NOTE.— A  suflSciently  accurate  chemical  set  can  be  bought,  including  full  instructions 
for  operating  it,  all  contained  in  a  neat  wall  cabinet  for  a  nominal  sum. 

NOTE. — To  Make  caustic  soda  at  little  expense,  take  a  tank  that  will  hold  1,000 
pounds  of  water.  Put  into  the  tank  1 ,000  pounds  of  hot  water.  Then  put  in  100  pounds  of 
soda  ash,  then  70  pounds  of  lime;  stir  thoroughly  and  let  it  settle,  which  will  give  a  clear  10  per 
cent,  solution  of  caustic  soda.  Siphon  the  solution  into  another  tank,  keep  the  air  away  from  it, 
and  use  the  sediment  in  the  mixmg  tank  to  fertilize  your  kitchen  garden  or  put  it  on  the  grass 
in  your  front  yard,  and  watch  things  grow. 
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Ans.  The  bottom  blow  should  be  frequently  used  to  prevent 
undue  accumulation,  or  opportunity  for  its  hardening  into  scale. 

Scumming  Apparatus. — In  addition  to  the  bottom  blow  out 
apparatus,  every  boiler  should  be  provided  with  means  for  blowing 
out  water  from  the  surface  in  order  to  remove  the  fine  particles 
of  foreign  matter  floating  there,  which  afterward  settle  and 
consolidate  as  scale  on  the  heating  surfaces. 


5CUM  COCK 


Fig.  4 ,128. — Scum  scoop  or  surface  blow  for  blowing  out  fine  particles  of  foreign  matter  floating 
on  the  surface  of  the  water.  There  are  several  efficient  ways  of  arranging  a  surface  blow-off. 
The  principal  part  of  the  blow-off  is  a  pan  or  perforated  pipe  placed  horizontally  at  the 
water  level  having  a  pipe  leading  outside  the  boiler  to  any  convenient  place  where  the  Rcimi 
may  be  blown.  When  a  perforated  pipe  is  used  the  action  is  to  force  the  scum  from  the 
top  of  the  water  during  the  time  the  valve  is  open,  and  blow  it  through  the  pipe.  In  using 
an  apparatus  of  this  kind  it  should  be  blown  often,  but  only  for  a  moment  at  a  time,  as  all 
the  scum  near  the  pipe  is  removed  immediately,  and  to  keep  the  valve  open  longer  than 
necessary  to  remove  the  scum  near  the  pipe  would  allow  the  escape  of  clean  water  or  steam 
which  would  be  wasteftd.  If  a  pan  be  used  and  be  fastened  so  that  the  top  is  secured  at  the 
ordinary  water  level,  as  here  shown,  the  blow-off  pipe  leading  from  near  the  bottom  of  the 
pan,  it  will  be  more  efficient  than  the  fterf orated  pipe  arangement  as  it  will  not  require 
to  be  used  so  often,  and  the  waste  of  water  and  steam  will  not  be  so  great.  The  pan,  by 
producing  ah  eddy  in  the  water,  causes  all  the  scum  to  gather  over  the  top,  and  as  the  water 
is  quiet  there,  it  will  gradually  settle  into  the  pan,  where  it  will. remain  as  mud.  When  the 
blow  off  valve  is  opened,  the  greater  part  of  the  mud  which  is  gathered  is  blown  out,  and 
but  very  little  water  is  carried  with  it. 

It  consists,  in  its  simplest  form,  of  a  pan,  or  a  conical  scoop, 
near  the  surface  of  the  water,  but  below  it,  connected  with  a 
pipe  passing  through  the  boiler  shell,  on  which  is  a  cock,  or 
valve,  for  regulating  the  escape  of  the  water  laden  with  the 
impurities  deposited  in  the  pan. 
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A  stirface  blow  used  occasionally  will  remove  a  considerable  portion  of 
the  scum  and  keep  the  boiler  reasonably  free  from  scale  and  mud. 


In  condensing  plants  when  the  condensate  is  used  as  feed  water, 
oil  coming  in  with  the  feed  water  is  caught  by  the  circulating 
currents  and  distributed  more  or  less  throughout  the  boiler, 
though  by  reason  of  its  lesser  weight  it  will  tend  gradually  to 
rise  and  accumulate  as  a  scum  at  the  surface  of  the  water.  The 
surface  blow  is  very  effective  in  receiving  this  scum. 


0  K>t03O4O5O6OMINS. 
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Pig.  4,129. — Value  of  heat  in  water  softening.  The  same  quantities  of  the  same  treatini^ 
solution  were  added  to  e<iual  amounts  of  the  water  at  205°  P.  and  60°  P.  Solid  curves  show 
calcium  carbonate  remaining  in  solution  after  treating  calcium  sulphate  w.th  sodium  car- 
bonate (soda  ash).  Dotted  curves  show  magnesium  hydrate  remaining  in  solution  after 
treating  magnesium  sulphate  with  calcium  hydrate  (lime),  in  all  teats  the  theoretical 
quantity  of  softening  chemicals  was  used  to  combine  with  the  scale  forming  solids.  In  10^ 
min.  the  hot  sample  had  a  little  less  calcium  carbonate  than  the  cold  sample  had  after  24  hr. 
In  10  min.  in  the  not  sample  all  the  possible  precipitation  of  magnesium  hydrate  had  taken 
p'ace.  After  24  hr.  the  cold  sample  had  three  times  as  much  magnesitun  hydrate  left  in 
solution  as  the  hot  sample  after  10  min.  The  same  minimum  was  reached  by  boiling  the- 
cold  sample. 

The  danger  of  a  combination  of  scale  and  oil  deposited  on  the  heating^ 
siirfaces  is  not  in  its  close  adherence  to  the  surfeces,  but  in  the  eflfect  of  tiie 
oil  in  considerably  increasing  its  efficiency  as  a  heat  insulator.  Even  a  thiit 
coating  of  cylinder  oil  may  cause  slow  damage  ^  and  necessitate  expensive  repadrs. 
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Pig.  4,130.— Horiiontii!  tubular  boilw 
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Ques.    How  is  the  presence  of  oil  in  the  boiler  indicated  ? 

Ans .  It  shows  in  the  glass  water  gauge  when  in  large  amounts , 
but  a  boiler  may  contain  a  dangerous  amotmt  of  oil  without  this 
indication. 

Ques.    How  may  the  oil  be  reduced  ? 

Ans.  By  boiling  out  the  boiler  with  kerosene  and  soda  ash, 
or  by  scraping  and  scrubbing,  or  a  combination  of  these  two 
methods. 

The  hand  hole  plates  should  be  removed  and  the  shell  and  all  other 
accessible  surfaces  thoroughly  scraped,  and  then  scrubbed  with  a  stiff  brush 
wet  with  kerosene.  The  boiler  ^ould  also  be  entered  from  above,  and 
the  oil  scum  that  has  collected  upon  the  side  sheets  above  the  water  line 
scraped  and  scrubbed  off  in  like  manner,  followed  by  thorough  washing 
and  ventilation  of  the  boiler. 

* 

Ques.  What  precautions  should  be  taken  when  treating 
a  boiler  with  kerosene  ? 

Ans.  Keep  all  lighted  candles,  lamps  or  other  fire  away  from 
the  boiler  openings,  both  when  applying  the  kerosene  and  upon 
opening  the  boiler  again. 

If  a  light  be  necessary ,  either  use  an  incandescent  electric  light  or  reflected 
light. 


NOTE. — Modern  methods  of  softentng  water*  Hydrate  of  lime,  in  the  fomi  of  lime 
water  or  milk  of  lime,  still  remains  the  most  economical  and  practicable  means  for  neutralizing 
acids,  absorbing  carbon  dioxide  and  converting  bicarbonates  to  carbonates  or  hydrates.  Like- 
wise, soda  ash  is  the  preferred  means  for  transforming  sulpl^ates,  chlorides  and  nitrates  to  car- 
bonates. Where  the  respective  amounts  of  carbonates  and  sulphates  are  in  the  right  proportion, 
a  single  chemical,  sodium  hydrate,  can  be  employed  both  for  absorbing  carbon  dioxide  and  for 
transforming  sulphates  and  chlorides.  Other  methods  for  producing  non-scale  forming  water 
are  distillation,  the  expense  of  which  is  ordinarily  prohibitive,  and  the  use  of  socalled  zeolites. 
Zeolites  are  suitable  only  for  correcting  permanent  hardness.  When  used  in  connection  with 
water  containing  temporary  hardness,  they  introduce  into  the  treated  water  sodium  carbonate 
in  quantities  proportional  to  the  amount  of  lime  and  magnesium  carbonates  removed.  For 
this  reason  they  are  not  suitable  for  softening  water  for  boiler  feed  purposes .  While  the  chemical 
reagents  used  for  softening  water  are  limited  chiefly  by  the  availability  and  cheapness  of  certain 
substances,  the  engineering  methods  and  appliances  by  means  of  which  the  softening  process  is 
carried  out  have  tmdergcne  a  radical  evolution,  so  that  their  efficiency  has  been  increased  several 
fold- 

NOTE. — The  effects  of  heat  upon  chemical  reactions.  The  statement  has  been  made 
that  the  rate  of  reaction  doubles  for  each  10  degs.  C.  added  to  the  temperature.  Another 
estimate  is  that  chemica  reactions  are  speeded  up  approximately  as  the  twentieth  power  of  the 
absolute  temperature.  These  two  formulae  are  not  in  agreement,  but  the  fact  remains  that 
there  is  a  tremendous  increase  in  speed  of  reactions  with  nse  in  temperature .    In  the  softening 
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Use  of  the  Blow  Oflf. — ^To  remove  sediment  the  blow  off 
should  be  opened  in  the  morning  while  the  fires  are  still  banked, 
because  a  considerable  amount  of  sediment  -will  have  settled 
down  dtiring  the  night,  during  the  inactive  interval  of  no  steam 
demands .    If  the  boiler  be  used  night  and  day ,  the  blowing  should 


Figs.  4,136  to  4.139.— ;Porms  of  nozele  for  washing  out  boilers.  The  hose  should  not  be  less 
than  IH  inches  in  diameter.  An  armoured  or  wire- wound  hose  is  best  as  it  will  stand  the 
most  rough  usage.  The  water  pressure  should  be  at  least  75  lbs.  With  a  hose  of  this  size 
and  with  this  pressure,  loose  or  soft  scale  will  be  knocked  off.  In  washing  a  horizontal 
tubular  boiler  two  or  more  nozzles  are  needed.  A  straight  nozzle  and  one  bent  to  about  75 
degrees,  or  an  adjustable  nozzle  may  be  used.  The  bent  nozzle  is  used  to  wash  the  front 
head  and  the  tubes  close  to  it.  This  is  a  point  at  which  scale  cannot  be  easily  gotten  at  and 
where  it  will  do  considerable  damage.  The  bent  nozzle  on  a  long  pipe  enables  the  rear  head 
to  be  reached.  When  the  boiler  is  first  opened  there  will  ustially  be  found  a  pile  of  loose  scale 
on  the  plate  over  the  fire.  After  removing  the  loose  scale  the  hose  is  put  in  at  the  top  of  the 
boiler,  pushing  the  nozzle  down  between  the  tubes.  Then  through  the  lower  manhole  at 
the  f  lAit  or  rear  the  lower  part  of  the  tube^  and  shell  can  be  washed,  using  the  bent  or  straight 
nozzle  to  reach  the  d  ifferen t  parts .  It  will  not  suffice  to  allow  the  water  to  flow  over  the  tubes 
and  through  the  shell,  every  part  must  be  reached  with  the  full  force  of  the  nozzle  stream. 
An  incandescent  lamp  or  other  hi^ht  on  the  end  of  a  pole  enables  one  to  see  whether  the  work 
has  been  thoroughly  done.  This  examination  should  be  made  by  the  engineer  no  matter 
who  does  the  washing-out. 

NOTE.— Co«<»ni*«(f. 

of  water  by  means  of  lime  and  soda  ash,  the  reactions  involved  are  greatly  accelerated  by  heat, 
so  that  better  results  can  be  obtained  at  a  temperature  of  200°  to  210**  F.  in  a  few  minutes 
than  in  cold  water  in  several  hours.  Experimental  results,  which  are  sui>ported  by  experience 
with  hot  process  softeners  in  practical  service,  demonstrate  that  ten  minutes  at  the  boiling 
temperature  will  soften  water  to  a  lower  dejgree  of  hardness  than  can  be  secured  by  the  same 
number  of  hours  at  50°  P.,  the  same  softenmg  reagents  being  used  in  each  case.  Analyses  of 
tlie  treated  water  also  show  that  the  incrusting  substances  in  the  water  which  has  been  softened 
at  200°  to  210°  F.  are  much  less  in  amount  than  those  remaining  in  solution  in  water  softened 
at  60°  F.  Not  only  is  the  chemical  reaction  completed  much  sooner  in  hot  water  than  in  cold 
water,  but  the  resulting  precipitates  are  of  such  a  nature  that  they  can  be  more  quickly  removed 
by  sedimentation. 
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be  done  at  the  end  of  the  noon  hour,  when  the  sediment  has  had 
a  chance  to  settle. 

Ques.    How  should  the  blow  off  valve  be  handled  ? 

Ans.  It  should  be  opened  and  closed  gradually  to  avoid 
sudden  shocks,  but  should  be  ftdly  opened,  so  as  to  cause  a  swift 
outgoing  current  which  will  catch  up  and  expel  the  sediment. 

Ques.  How  much  and  how  often  should  a  boiler  be 
blown  down? 


Pigs.  4,140  to  4,143. — ^Porms  of  chisel  used  in  boiler  cleaning. 


Ans.  At  least  "one  gauge'*  a  day,  depending  upon  the  amount 
of  sediment  forming.  • 

Ques.  What  precaution  should  be  taken  in  closing  the 
blow  off  valve? 

Ans.  Observe  the  end  of  the  blow  off  pipe  and  see  that  the 
valve  is  tightly  closed. 

Gleaning  a  Boiler. — In  order  to  clean  a  boiler  it  should  not 
be  blown  down  the  night  before  cleaning,  but  the  water  should 
be  allowed  to  remain  in  the  boiler  imtil  the  time  of  opening. 
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Then  the  safety  valve  should  be  raised,  the  blow  off  valve  opened 
and  the  water  allowed  to  run  out  by  gravity.  In  many  cases  this 
cannot  be  done,  owing  to  the  peculiar  way  in  which  the  blow  off 
may  be  connected,  or  the  fact  that  there  may  be  but  one  boiler 
in  the  plant;  under  such  conditions,  the  best  thing  possible  must 
be  done. 

Some  engineers  blow  down  the  boilers  on  Saturday  night  and  on  Sirnday 
open  the  boiler  for  cleaning.  This  is  poor  policy  as  the  brick  work  around 
the  boiler  is  hot  and  after  the  water  is  all  blown  out,  the  heat  from  the 
brick  work  rapidly  dries  the  metal  and  nearly  all  the  scale  and  sediment  will 
be  found  to  adhere  tenaciously  to  the  shell  and  tubes,  thereby  causing 
extra  labor  to  remove  the  scale. 

If  the  water  be  allowed  to  remain  in  the  boiler  over  night,  a  great  portion 
of  the  scale  will  be  deposited  on  the  crown  sheet,  thus  facilitating  its 
removal. 

It  might  be  argued  that  if  this  plan  be  followed,  the  boiler  will  be  too 
hot  for  cleaning,  but  this  can  be  prevented  to  a  large  extent  by  leaving 
the  doors  and  damper  open  dtuing  the  night  and  by  cleaning  out  as  late 
as  possible  the  next  afternoon. 

It  is  not  necessary  to  take  out  all  the  man  hole  and  hand  hole  plates  at 
every  cleaning.  Good  results  will  be  obtained  by  taking  out  the  front  hand 
hole  or  man  hole  plate  and  removing  the  scale  from  the  back  with  a  long 
hoe,  washing  the  entire  boiler  out  with  a  hose.  This  method  could  be 
followed  with  good  results,  provided  it  is  done  about  twice  each  month. 

A  great  deal  depends  upon  the  kind  of  water  being  used  and  the  method 
of  feeding  the  boiler .  If  the  water  be  impregnated  with  lime ,  magnesia ,  etc . , 
the  boiler  may  have  to  be  cleaned  out  oftener  than  twice  each  month. 

Ques.    Describe  a  good  method  of  washing  a  boiler. 

Ans.  When  the  boiler  is  shut  down,  close  all  draughts  and 
allow  the  boiler  to  cool  in  unison  with  the  surrounding  brick  work. 
This  will  take  from  two  to  four  days,  depending  in  a  great  measure 
upon  the  amount  of  water  that  the  boiler  contains  and  also 
upon  the  size  of  the  boiler.  By  doing  this,  the  water  will  dis- 
integrate the  scale  and  a  large  amount  of  it  will  be  deposited  on 
the  bottom.  After  the  water  is  run  out  of  the  boiler,  the  man  hole 
and  band  hole  plates  should  be  taken  off  and  a  strong  stream  of 
water  should  be  played  between  the  tubes  and  around  the  shell 
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and  heads.     Don't  attempt  to  place  a  lighted  candle  or  lamp  in 
the  boiler  until  after  the  boiler  is  partly  washed  out. 

If  any  boiler  compjoimd  or  kerosene  oil  be  used  as  a  scale  preventer,  an 
explosion  may  occiir  if  the  light  be  first  placed  in  the  boiler.  This  same  pre- 
caution should  be  taken  when  washing  out  a  feed  water  heater. 

Ques.  What  should  be  done  after  the  boiler  Is  washed 
out? 

Ans.  It  shotdd  be  entered  for  inspection  and  all  braces  and 
stays  should  be  carefully  tested. 

Ques.  In  lookmg  for  scale  in  horizontal  boilers  where 
should  the  lamp  be  placed,  and  why? 

Ans.  Beneath  the  tubes  so  that  any  scale  which  may  be 
lodged  between  the  tubes  can  be  easily  seen. 

Ques.    What  should  be  done  after  closing  the  boiler? 

Ans .  Pour  into  the  boiler  several  gallons  of  kerosene  and  allow 
water  to  flow  into  the  boiler  very  slowly,  the  slower  the  boiler 
is  filled,  the  more  opportunity  will  the  kerosene  have  to  attack 
the  scale. 

How  to  Lay  Up  a  Boiler. — ^After  the  boiler  is  cleaned  and 
inspected,  all  loose  parts,  such  as  grates  and  grate  bearers,  are 
stored  in  a  dry  place,  and  the  furnaces,  combustion  chambers 
and  tubes  are  given  by  some  engineers  a  thin  coat  of  linseed  oil, 
after  being  first  thoroughly  dried. 

Ques.  How  is  the  interior  of  the  boiler  prepared  for 
laying  up  ? 

Ans.  After  being  cleaned  it  is  thoroughly  dried  and  must  be 
kept  dry  to  prevent  corrosion. 

Ques.    How  may  the  interior  be  kept  dry? 

Ans.     Some  engineers  make  use  only  of  the  natural  circulation 
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through  upper  and  lower  man  and  hand  holes.  Others  place 
flat  vessels,  filled  with  quicklime,  for  the  absorption  of  all 
moisture  into  the  boiler,  and  then  close  it  up  tight. 

Ques.    How  are  the  fittings  prepared  for  laying  up  ? 

Ans.  They  are  taken  apart,  cleaned,  ancl,  after  being  greased 
with  a  slight  coat  of  clean  tallow,  are  put  together  again  without 
packing. 

To  make  sure  that  no  rusting  or  sticking  takes  place,  the  valves  and 
cocks  are  moved  occasionally.  The  sea  valves  and  bottom  blow  valves,  or 
cocks,  must  be  put  into  serviceable  condition,  with  complete  packing  at 
the  time  of  dockmg,  as  it  is  desirable  to  keep  the  water  and  moisture  out  of 
the  ship  as  completely  as  possible. 

4.  REPAIR 

If  it  be  necessary  to  repair  a  boiler  and  it  be  insured  in  a 
responsible  boiler  insurance  company,  the  nearest  agent  of  the 
company  should  be  notified,  and  he  will  arrange  to  have  the 
inspector  at  the  plant  as  soon  as  possible.  The  inspector  will 
recommend  how  the  repairs  shotdd  be  made,  so  that  they  will  be 
satisfactory  to  both  the  owners  and  the  insurance  company. 
In  any  event  the  work  shotdd  not  be  entrusted  to  the  local 
handy  man  or  jack  of  all  trades. 

Ques.  What  breakdowns  are  most  likely  to  occur  in  a 
boiler? 

Ans.     Cracks  in  the  plates,  btdges  in  the  heating  surfaces 
split  or  leaky  tubes,  stay  bolts  or  braces,  and  defective  fittings. 

Cracks  may  be  due  to  original  defects  of  the  material,  to  faulty  methods 
in  the  manufacture  or  to  excessive  local  strain.  They  may  show  arotmd 
rivet  holes,  at  flanged  comers  or  between  tube  openings,  although  these 
accidents  are  seldom  found  in  modem  boilers. 

Ques.  What  should  be  done  if  the  leakage  for  cracks 
be  large? 
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Ans.  The  boiler  must  be  placed  out  of  service,  blown  down 
and  cooled  until  it  is  possible  to  enter  and  make  repairs. 

Ques.    What  is  grooving? 

Ans.  The  surface  cracking  of  boiler  plates.  It  is  caused  by 
its  expansion  and  cobtraction,  under  the  influence  of  differing 
temperatures  and  is  attritubable  generally  to  the  too  great 
rigidity  of  the  parts  of  the  boiler  affected. 
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Ques.    How  should  cracks  be  repaired  ? 

Ans.  If  possible  the  cracks  shotdd  be  drilled  oflE  at  the  ends 
by  small  holes,  which  will  prevent  further  extension,  and  patches 
put  over  them,  either  on  the  inside  or  on  the  outside. 

If  riveting  and  caulking  of  the  patches  be  not  practicable,  bolting  must 
be  resorted  to,  for  holding  them  down.  The  so  called  boiler  patch  bolt, 
which  screws  through  the  plate  against  a  conical  head,  proves  much  more 
dB5cient  for  a  tight  point  than  a  common  bolt.  The  patches  are  put  on  with 
a  good  fit  and  the  mterstices  completely  filled  with  red  lead,  putty  or  iron 
rust  cement. 


Fig.  4,145.— Method  of  removing  a  cylindrical  ftimace  from  its  position  in  the  boiler. 


Ques.  How  should  bulges  in  the  heating  surface  be 
treated  ? 

Ans.  If  they  be  not  large,  and  the  surrounding  stays  or 
braces  prove  all  sound  and  well  fitted,  no  special  remedy  may  be 
required,  apart  from  care/ul  and  frequent  inspection  and  measure 
ing  with  templates.  Where  the  btdges  are  large  and  the  stay 
bolts,  or  braces,  are  torn  out  of  the  plate,  or  ruptured,  sta)dng 
must  be  resorted  to. 
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Such  staying  generally  proves  preferable  to  any  attempts  to  force  the 
siirface  back  into  its  original  form.  The  number  of  stay  bolts  is  preferably 
increased  with  closer  spacing  in  new  positions. 

A  bulge  may  occasionally  occiu*,  in  consequence  of  a  rupture  of  one  of 
the  old  large  braces.  In  such  a  case  it  proves  advantageous  to  employ  a 
heavy  girder  plate  that  takes  the  repaired  brace  in  the  center,  and  a  number 
of  screw  stay  bolts  aroiuid  its  circiunference.  The  stay  bolts  are  conve- 
niently tapped  and  riveted  into  the  material,  while  a  plug  closes  the  old 
brace  hole.  The  connection  to  the  old  shortened  brace  may  be  effected  by 
a  cross  key  behind  the  girder  plate.  This  repair  leaves  the  plate  effectively 
exposed  to  the  cooling  circulation  of  the  water. 

Ques.    How  may  a  bulge  be  forced  back  into  place  ? 

Ans.  If  the  plate  be  not  burned,  and  not  drawn  thin,  heat 
it  red  hot  by  rigging  up  a  gas  furnace  under  the  bulge  and  drive 
it  up  into  its  original  position. 

Ques.    What  should  be  done  if  the  plate  were  burned  ? 

Ans.     The  burned  part  must  be  cut  out  and  a  patch  put  on. 

A  slightly  bulged  plate  may  be  prevented  getting  worse  by  putting  a  stay 
through  the  center  of  bulge  and  attaching  the  other  end  of  stay  to  some  part 
of  boSer  diametrically  opposite.  If  a  bulge,  bag  or  blister  be  very  laxge, 
or  if  the  metal  be  wasted  thin,  a  new  fire  sheet  should  be  put  in. 

Ques.  What  may  be  resorted  to  if  the  bulged  plate  be 
not  in  convenient  reach  from  rigid  parts  of  the  boiler  for 
stay  bolt  connection  ? 

Ans.     Girders. 

The  girders  should  extend  well  over  the  nearest  rigid  points  of  attachment, 
and  support  the  plate  by  numerous  carrying  bolts.  Good  clearance  under 
the  girder  will  insure  active  circulation  and  avoid  further  over  heating. 

Ques.    How  should  bulged  circular  furnaces  be  treated? 

Ans.  If  not  altogether  collapsed,  they  may  be  put  in  such 
condition  that  they  will  safely  carry  a  reduced  steam  pressure, 
by  closely  spaced  circular  rings  of  angle  or  bar  iron,  fitted  in 
halves. 
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In  marine  practice,  on  small  vessels  having  only  one  boiler,  it  may  be  of 
prime  importance  to  make  temporary  repairs  so  boiler  can  be  operated 
under  reduced  pressure  till  vessel  reaches  port. 

Ques.    How  are  split  tubes  repaired  ? 

Ans.     By  plugging. 

In  fire  tube  boilers  a  temporary  repair  of  this  sort  is  made  by  means  of  a 
soft  wooden  plug,  which  is  driven  into  the  tube  xmtil  it  covers  the  split. 
The  water  leaking  through  swells  the  plug  and  by  pressing  tightly  against 
the  surface  of  the  tube,  prevents  further  escape  of  water. 


JSfUflMLjMI^'tlMflSIII^ , 
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Pig.  4,146. — ^Easy  method  of  repairing  a  leaky  boiler  tube.  A  plug,  shaped  as  at  A,  is  pushed 
into  the  flue  until  it  reaches  the  point  of  leakage,  where  the  escaping  steam  and  water  cause 
it  to  swell,  thus  stopping  the  leak. 

A  better  form,  employed  where  there  is  serious  leakage,  is  the  tube 
stopper,  containing  two  conical  cast  iron  plugs,  fitted  with  metal  packing 
•    rn  the  tube  ends,  and  drawn  up  tight  by  the  nuts  of  a  through  bolt. 


Ques.     How  is  a  tube  stopper  applied  ? 

Ans.     The  fires  must  be  drawn  so  that  a  man  can  enter  the 
combustion  chamber  to  insert  the  plug. 

Another  form  of  tube  stopper  which  can  be  inserted  entirely  through  the 
uptake  doors,  figs.  4,147  to  4,149,  consists  of  two  heavy  rubber  washers 
between  two  pairs  of  plate  discs. 

The  two  inside  discs  are  spaced  and  held  apart  by  a  piece  of  gas  pipe,, 
while  the  outside  ones  can  be  drawn  together  by  the  nuts  on  a  central  bolt,. 
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thereby  compressing  and  spreading  the  washers,  untU  they  bear  tightly 
against  the  side  of  the  tube  and  stop  the  leakage. 

In  water  tube  boilers  the  repair  is  more  difficult,  as  the  fire  must  be 
drawn  and  water  blown  down,  there  being  difficulty  in  locating  the  apht 

Ques.    What  causes  leakage  around  the  tube  end  of 
vertical  boilers  with  through  tubes? 
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Pm.  1,160. — EmSTEency  device  for  stopping  a  lealty  boiler  flu*.    An  iron  rod,  E.  having  a 
thread  at  both  <nds,  is  litud  with  s  nut  A.    A  wssher,  B.  is  then  put  on;  then  a  rubber  plug, 


C,  another  washer,  C,  and  a  length  of  gas  pipe  against  the 
end  of  the  rod,  E,  is  similarly  fitted,  after  which  the  act  of  st 
' '         '        'o  bulge,  filliag  the  tube. 
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Ans.     Forcing,  carrying  the  water  level  too  low,  getting  up 
steam  without  entirely  filling  the  boiler. 


MANAGEMENT 

Grooving  and  Cracking  of  Tubes.— This  usually  occurs 
in  the  lower  tubes  at  the  rear  end,  and  results  fronfi  piunping 
comparatively  cold  water  into  the  boiler  in  such  a  way  that  it 
oomes  in  contact  with  the  hot  tubes. 


Fig.  4,151. — Ripper  or  plough  chisel.    It  conaUts  of  a  flat  chisel  about  IH  inches  wide  and 
^  inch  thick.      It  is  made  convex,  or  crescent  shape,  on  the 


square,  or  blunt  similar  to  a  calking  tool. 


end  and  is  ground  i>erfectly 
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Figs.  4,152  and  4,153. — Beading  tool  and  long  wedge  used  to  fold  tubes. 


The  very  common  practice  of  pumping  cold,  or  slightly  warm- 
ed, water  into  the  blow  off  might  easily  produce  this  result,  by 
chilling  the  tubes  at  their  hottest  part  causing  them  to  contract, 
thus  inducing  severe  strains.  The  girth  seams  of  old  iron  boilers 
frequently  cracked  between  the  rivet  holds  at  the  bottom, 
because  they  were  constantly  fed  through  the  mud  drums,  thus 
cooling  the  shell  plate  by  the  comparatively  cold  feed  valve. 
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BLUNT  TOOL  FOR 
DRIVING  OR  TEARING 
OF  V  SHAPED  PIECE 
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NIPPLE  CUT  HERE 
MUD  DRUM  SEAT 


RIPPER  FOR_ CUTTING 
NIPPLE  IN  HALF 

Pigs.  4 ,154  and  4 ,155. — Method  of  replacing  nipples  in  water  tube  boilers  (B .  &  W.  tyi)e) .  It 
is  useless  to  try  to  batter  or  crush  the  nipple,  but  if  the  following  method  be  employed, 
one  man  can  easily  remove  a  nipple  in  less  than  an  hour.  First,  take  off  thetwo  lower  caps 
and  remove  the  mud  drum  plates,  then  with  a  long  narrow  ripper  such  as  is  shown  in  fig. 
4,155,  cut  the  nipple  in  half,  working  the  ripper  (which  has  a  curved  end)  around  the  girth 
of  the  nipple  in  the  space  between  the  header  and  mud  drum.  Next,  with  an  ordinary  chisel 
bar,  through  the  lower  header  hole,  cut  a  vertical  slot  entirely  through  the  part  of  the  nipple 
that  extends  above  and  below  the  header  seat,  and  partly  through  the  portion  directly  over 
the  seat,  being  careful  not  to  cut  entirely  through,  as  seat  is  easily  ruined.  Then  cut  another 
slot,  starting  about  an  inch  from  the  first  and  cutting  at  an  angle  so  that  the  two  will  inter- 
sect below  the  seat,  cutting  a  small  V-shaped  piece  out  of  the  nipple  except  for  the  small 
portion  over  the  seat  which  is  not  cut  entirely  through;  bend  the  top  of  the  V-shaped  piece 
inward,  using  a  hook  ended  bar,  and  drive  it  downward  with  a  blunt  tool.  This  will  tear  off 
the  small  sections  over  the  seat,  and  a  few  blows  will  crumple  the  remainder  so  as  to  permit 
its  removal.  The  process  is  repeated  on  the  lower  half,  in  the  mud  drum.  It  is  important 
that  the  new  nipples  be  the  proper  length:  that  is,  they  should  extend  %  inch  below  the 
lower  edge  of  the  mud  drum  seat  and  J^  to  H  inch  above  the  top  of  the  header  seat.  To  cut 
the  nipple  to  length,  never  use  the  ordinary  pipe  cutters;  the  work  should  be  done  in  a  lathe. 
If  that  be  not  possible,  use  a  hacksaw  that  does  not  leave  a  burr.  Before  proceeding,  all 
£cale  or  dirt  should  be  cleaned  from  the  header  to  prevent  its  being  rolled  into  the  joint.  Put 
the  nipple  into  place,  blocking  it  substantially  in  position  from  the  inside  of  the  mud  drum. 
If  the  nipple  is  found  to  be  loose  in  the  seats,  shims  should  be  fitted,  but  if  no  regular  shim 
stock  be  at  hand,  ordinary  stove  pipe  iron  is  a  good  substitute.  Shims  should  be  fitted  care- 
fully, especially  the  joints,  so  as  not  to  cause  a  hump  or  uneven  spot;  the  ends  should  be  lapped 
J^  inch  and  filed  to  the  same  thickness  as  the  remainder  9f  the  shim.  If  a  small  amount  of 
powdered  graphite  be  placed  around  the  top  of  the  seat,  it  will  work  into  the  joint  and  help 
■materially  in  filling  any  unevenness  in  the  face  of  the  seat  or  nipple,  thus  promoting  a  tight 
joint.  To  expand  the  nipple,  the  expander  should  be  fitted  with  the  straight  rollers,  which 
should  be  centered  over  the  seat,  and  using  the  single  jointed  mandrel,  the  expander  is  turned 
until  the  nipple  is  rolled  tight.  Then  the  straight  rollers  are  removed  and  the  tapered  ones 
substituted,  placing  the  large  ends  upward  and  fitting  the  expander  so  as  to  allow  the  top  of 
the  rollers  to  extend  a  short  distance,  say  ?i«  to  Ji  inch  above  the  top  of  the  nipple «  when  the 
rolling  operation  is  repeated,  resulting  in  flaring,  or  belling,  the  nipple.  The  bell  should  be 
at  least  H  inch;  that  is,  the  top  diameter  of  the  nipple  is  increased  Ji  inch.  The  belling  is 
very  important,  as  it  is  depended  upon  to  support  the  end  stress,  which  is  proportional  to 
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Splitting  of  Lap  Welded  Tubes. — Sometimes,  notwithstand- 
ing the  care  taken  in  manufacture  and  inspection,  lap  welded  tube 
will  split  at  the  seam.  To  guard  against  this  and  also  reduce  the 
trouble  due  to  laps,  extra  heavy  tubes  are  sometimes  used  for 
the  lower  rows  for  pressures  over  125  pounds.  The  better  way 
is  to  use  seamless  tubes.  Since  these  tubes  are  drawn  from 
solid  billets,  they  have  no  seams  to  split.  Moreover,  the  draw- 
ing process  makes  them  tougher  and  denser,  therefore  stronger 
and  more  durable. 

Retubing. — ^When  boiler  tubes  have  to  be  renewed  the  old 
tubes  must  be  cut  out.     This  is  done  by  cutting  a  long  slot  iu 


NOTE. — In  ordering  new  tubes,  the  length  should  be  accurately  measured  on  a  strip 
of  wood  or  a  piece  of  pipe  passed  through  the  old  ones,  allowing  from  H  to  ^6  inch  on  each  end 
for  beading  over.  If  more  than  one  boiler  is  to  be  retubed,  measure  each  one,  as  it  will  probably 
be  found  that  there  is  a  difference  although  they  are  all  supposed  to  be  the  same.  The  ends  of 
the  new  tubes  are  supposed  to  have  been  annealed  before  delivery,  but  it  is  doubtful  if  this  has 
been  done,  so  it  is  a  good  plan  to  heat  them  to  a  dull  red  and  bury  them  in  lime,  allowing  them 
to  cool  very  slowly.  This  will  make  them  much  easier  to  expand  and  bead,  and  will  reduce  the 
liability  of  their  cracking  during  these  operations. 

NOTE. — Rolling  tubes  too  much  thins  the  metal  and  hardens  it,  resulting  in  cracking 
in  reroUing. 

NOTE. — In  water  tube  boilers,  the  process  of  removing  tubes  is  about  the  same  as  in 
tubular  boilers,  but  the  tubes  are  taken  out  with  less  difficulty.  Since  the  ends  are  not  so  easily 
reached  a  ripper  is  almost  a  necessity  for  splitting  the  tubes.  The  ends  can  then  be  folded  in 
by  the  means  of  the  long  slender  wedge  shown  in  fig.  4.153.  A  good  plan  is  to  cut  two  deep 
notches  in  the  end  of  the  tube,  about  an  inch  apart,  and  then  with  a  bar  force  the  part  of  the 
projecting  end  of  the  tube  between  these  notches,  away  from  the  tube  sheet  or  header,  using 
the  edge  of  the  handhole  as  a  fulcrum  for  the  bar.  This  produces  a  slight  sijace  between  the 
tube  and  the  tube  sheet,  into  which  the  wedge  may  be  started,  and  when  it  is  driven  home- 
there  is  plenty  of  space  left,  so  there  is  no  danger  of  scoring  the  tube  sheet  with  a  ripper.  If 
the  defective  tube  be  in  the  lower  row,  as  is  usually  the  case,  its  removal  may  be  facilitated 
by  cutting  the  tube  into  two  or  three  sections  with  a  three  wheel  pipe  cutter,  and  removing: 
the  ends  from  the  tube  sheets  from  inside  the  furnace.  From  this  point  the  operation  is  the 
same  as  that  described  for  the  horizontal  tubular  boiler,  except  that  they  are  flared  by  one 
of  the  methods  described  in  previous  paragraphs. 


Pigs.  4,154  and  4»1^* — Text  continued. 

the  area  of  the  nipple  multiplied  by  the  boiler  pressxire.  After  the  upper  end  is  rolled,  the 
blocking  may  be  removed  from  the  mud  drum  and  the  lower  end  of  the  nipple  expanded  and 
belled  as  in  the  header,  except  that  the  double  jointed  mandrel  is  used  and  the  large  ends  of 
the  tajjered  rollers  are  placed  downward  and  extended  ^  inch  past  the  lower  end  of  the 
nipple  in  prder  that  it  may  be  given  a  flaie  also.  It  sonjetimes  happens  that  the  expander 
is  too  short  to  enable  the  rollers  to  extend  to  their  proper  position  and  an  attempt  to  bell  wUl 
result  in  the  lower  end  of  the  nipple  being  crimped  inward.  A  better  job  would  result  if 
one  of  the  rollers  were  replaced  with  a  headed  one  and  the  expander  located  so  as  to  bead  the 
nipple  just  below  the  seat.  After  putting  in  a  new  nipple,  the  boiler  should  always  be  sub- 
jected to  a  hydrostatic  test  and  the  expanding  operation  repeated  if  a  leak  be  found. 
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tube  from  front  end;  this  slot  should  be  cut  with  a  ripping  chisel 
and  should  extend  back  about  3  inches;  the  tube  may  now  be 
contracted  and  by  cutting  the  back  end  loose,  can  easily  be  pulled 

out.      A    new 
FOLDED  ENDS  tube  is  now  in- 

serted and 
secured  into 
both  heads 
with  an  expan- 
der and  the 
ends  of  tube 
riveted  over. 


Pig.  4,156. — Method  of  cutting  and  folding  in  tube  end  for  removal  and  tools  used.  Removing 
the  old  tube  is  the  most  difficult  part  of  tube  renewal,  especially  in  a  horizontal  tubular 
boiler,  as  the  tube  is  usually  covered  with  scale,  which  adds  to  the  difficulty  of  removing;  it. 
When  the  defective  tube  is  so  located  that  it  can  be  removed  through  the  manhole,  it  is  a 
simple  matter  to  cut  it  off  at  each  end  just  inside  the  tube  sheet  with  a  sharp  cold  chisel  and 
remove  it  through  the  manhole,  afterwards  cutting  out  the  ends  remaining^  in  the  tube 
sheets.  The  tubes,  however »  usually  have  to  be  removed  through  the  holes  in  the  sheets. 
To  do  this,  first  cut  off  the  beading  with  a  shaip  cold  chisel,  then  with  a  "ripper"  or  plottgh 
chisel  (fig.  4,151) ,  cut  out  a  strip  4  or  5  inches  long  and  the  width  of  the  tool.  If  no  ripper 
be  at  hand  and  only  a  few  tubes  are  to  be  cut  out.  a  diamond  point  chisel  does  very  wefl.  for 
cutting  out  this  strip,  but  grreat  care  must  be  used  to  avoid  cutting  the  tube  sheet.  After 
this  strip  has  been  removed,  fold  in  the  edges  of  the  tube,  as  shown  above,  so  as  to  loosen  it 
in  the  tube  sheet.  After  thus  loosening  the  tube  at  each  end,  push  or  drive  the  tube  out 
through  the  front  tube  sheet  as  far  as  i>ossible,  which  will  usually  be  very  little.  Now  the 
hard  work  begins,  as  the  scale  adhering  to  the  tube  makes  it  difficult  to  withdraw  it.  Take  a 
hitch  aroimd  the  projecting  end,  and  with  a  block  and  tackle,  ot  a  chain  block  fastened  to 
something  rigid ,  pull  on  the  tube ,  at  the  same  time  hammering  on  it  and  working  it  around  with 
<i  pipe  wrench  or  chain  tongs.  This  will  cut  and  hammer  the  scale  ojBE  sufficiently  to  allow 
the  tube  to  be  drawn  out  through  the  hole  in  the  sheet.  While  this  iS  being  done  a  helper 
should  hold  up  the  rear  end  by  means  of  a  rod  jjassed  through  the  back  tube  sheet,  or  by  a 
rope  sling  from  the  inside  of  the  boiler.  ^  Sometimes  the  scale  is  so  thick  and  hard  that  it  is 
simply  impossible  to  remove  the  tube  in  this  way.  In  this  case  it  becomes  necessary  to 
■cut  out  several  good  tubes,  removing  them  through  the  manhole,  in  order  that  the 
defective  one  may  be  removed  in  the  same  way.  Having  removed  the  old  tubes,  remove 
aU  burrs  and  sharp  edges  from  the  tube  holes  and  insert  the  tubes .  As  the  holes  are  necessar- 
ily slightly  larger  than  the  tubes  this  is  an  easy  matter,  but  care  must  be  taken  not  to  allow 
■either  end  of  the  tube  to  drop,  as  this  would  dent  or  crush  it  where  it  passes  through  the 
tube  sheet.  Now  carefully  equalize  the  projection  at  each  end  and  secure  the  tube  m  this 
position.  This  can  be  done  either  by  driving  in  little  wedg^  made  by  flattening  nails  or  by 
turning  over  a  couple  of  little  lips  on  each  end  of  the  tube  with  a  peen  of  a  hammer.  If  the 
hole  be  more  than  Ha  inch  larger  than  the  tube,  cut  strips  of  copper  or  soft  sheet  iron  about  % 
inch  wide  and  just  long  enougl^  to  pass  around  the  tube  neatly,  and  use  these  to  shim  up  the 
space.  Now  exi>and  each  tube  just  enough  to  hold  in  position.  Then  with  the  peen  of  a 
hammer  bell  out  the  ends,  striking  light  blows  and  turning  the  metal  back  all  around  the 
circumference  carefully  so  as  not  to  crack  it.  This  bead  is  then  finished  and  set  up  tight 
against  the  tube  sheet  with  the  beadmg  tool  (fig.  4,152).  The  tubes  are  next  given  a  final 
rolling  to  make  them  steam  tight,  being  careful  not  to  roll  them  too  much. 
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Patching. — ^There  are  two  kind  of  patches — soft  and  hard.  A 
soft  patch  is  a  covering  over  a  leak  or  defect  which  is  fastened 
with  bolts,  as  distinguished  froni  a  hard  patch,  which  is  riveted.  * 

Repairs  which  necessitate  the  putting  on  of  a  soft  patch  can 
sometimes  be  handled  by  the  engineer  with  good  results. 

A  soft  patch  is  of  no  use  when  it  miist  be  located  where  the  fire  will  reach 
it  or  intense  heat  will  play  against  it,  and  where  there  is  no  opportunity  for 
water  to  get  at  the  other  side  of  the  patch.  When  it  is  requu*ed  to  close  a 
hole  or  a  crack  located  where  the  fire  cannot  bum  the  metal,  then  good 
results  will  be  obtained  from  the  use  of  a  patch  bolted  on. 
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THE  PATCH 


Pigs.  4,157  and  4,158. — A  convenient  method  of  repairing  a  cracked  tube  sheet.  A  patch, 
such  as  is  shown  at  base  of  the  cut ,  is  shaped  to  fit  neatly  over  the  crack  and  between  the  tube 
ends.     After  smearing  both  surfaces  witn  red  lead,  it  is  sectu^  in  place  by  tap  bolts. 


Ques.    How  is  a  soft  patch  put  on  so  that  no  caulking  is 
necessary? 

Ans.     It  may  be  fitted  as  closely  as  possible  by  heating  and 
forging.     The  holes  may  then  be  drilled  and  those  in  the  shell 


*  NOTE. — The  difference  between  a  eoft  and  a  hard  patch  is  a  favorite  question  with 
examiners,  braace  the  applicant  for  license  should  understand  this  thoroughly. 
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beneath  the  patch  tapped,  or  drilled  large,  and  through  bolts 
used. 

Tap  bolts  are  preferable,  for  jamb  nuts  may  be  put  on  the  bolts  inside 
the  shell  and  leakage  through  bolt  holes  prevented. 

After  the  patch  has  been  bedded  and  fitted,  coat  the  inside  of  the  patch 
and  the  outside  of  shell,  where  the  patch  is  to  come,  with  Portland  cement 
mixed  with  sufficient  water  to  make  it  into  a  paste  which  will  spread,  but 
which  will  not  run  when  the  sheet  is  turned  upside  down.  Wet  the  metal 
before  applying  the  cement  paste,  and  make  sure  that  the  surfaces  are  clean 
and  free  from  grease  especially.  When  the  patch  is  in  place  and  the  cement 
is  between  the  surfaces,  the  bolts  may  be  inserted  and  screwed  down  to 
within  J^  inch  or  so  of  where  they  will  be  when  fully  screwed  home.    Then 


Fig.  4,159. — Extended  "spectacle  piece/*  or  patch  covering  tube  sheet  cracks  between  three 
adjacent  tubes.  Such  cracks  are  usually  caused  by  allowing  scale  to  collect  on  the  sheet 
ins«ie  the  boiler,  or  by  frequent  opening  of  the  fire  doors,  when  boiler  has  a  heavy  fire. 

let  the  joint  stand  about  one  hour ,  depending  on  the  cement  used.  It  should 
stand  tmtil  the  cement  just  begins  to  set  and  not  after.  This  may  be  deter- 
mined by  testing  the  protruding  fringe  of  cement  arotmd  the  patch.  Just 
as  the  cement  begins  to  refuse  to  flow  readily,  screw  the  bolts  tight,  putting 
an  even  strain  on  each,  and  let  the  job  stand  ten  hoiurs — ^twenty-foiu:  hours 
if  possible — ^but  ten  hours  will  do.  The  boiler  may  then  be  fired  without 
any  sign  of  leakage.  The  cement  hardens  as  mucSi  in  a  few  hours  under 
steam  heat  and  pressure  as  in  twenty-eight  days  in  the  open  air. 

Ques.    What  is  a  spectacle  piece? 

Ans.    A  boiler  patch,  so  called,  used  to  repair  a  crack  situated 
between  the  tube  ends  of  a  boiler. 
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to  1-inch  octagon  steel  is  the  best),  and  forge  or  grind  the  end 
off  until  it  is  about  J^-i^^ch  thick.  Then  round  the  end  of  the 
tool  until  it  is  a  perfect  half-circle  J^-inch  in  diametr  and  at  least 
1  inch  wide.  Place  this  tool  against  the  slope  of  a  rivet  about 
llfi-inch  from  the  shell  plate,  and  strike  the  tool  with  a  hammer, 
keeping  the  tool  inclined  more  or  less  parallel  with  the  shell  of 
the  boiler. 
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CHAPTER  70 


HOW  TO  SELECT  A  BOILER 


The  selection  of  a  boiler  is  a  matter  requiring  careful  considera- 
tion of  the  many  conditions  of  operation,  such  as: 

1 .  Total  feed  water  consumption  of  the  engine  and  auxiliaries. 

2.  Quality  of  the  feed  water. 

3.  Quality  of  the  steam. 

4.  Nature  of  the  fuel. 
6.  Rate  of  combustion. 

6.  Efficiency  desired. 

7.  Nature  of  load,  present  and  future. 

8.  Space  available. 

9.  Workmanship,  etc. 

The  solution  of  the  problem,  as  must  be  evident,  is  complex, 
and  should  not  be  left,  as  is  usually  the  case,  to  those  having 
little  or  no  knowledge  of  the  requirements. 

The  experienced  engineer,  by  a  careful  study  of  the  several 
items  just  given,  is  able  to  determine: 

1.  Evaporative  capacity  or  **horse  power"  of  boiler. 

2.  Proportion  of  grate  and  heating  surface. 

3.  Type  of  boiler  best  suited  for  the  work. 

fioiler  Horse  Power. — ^First  of  all  it  is  necessary  to  have  a 
clear  understanding  of  the  term  **boiler  horse  power."  There 
has  been  entirely  too  much  criticism  of  this  term.  For  instance, 
the  following  appears  in  the  catalogue  of  a  prominent  builder  of 
marine  machinery: 
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IB2  to  4,!B6. — All  theae  boilers  are  developing  one  baiter  Aar*«  pmetr,  that  is  to 
oiler  1  is  delivering  27 .S  lbs.  Wight)  of  Bteam  at  250  lbs.  Ciressure)  evaitorated  from 
Iter  at  a  temperature  of  32°  Pahr.;  which  is  equivalent  to  boiler  2  evaporation  of  39^ 
oml25°at  lea  lbs. .equivalent  to  boilera  evaporation  of  30  lbs. .from  100°  at  70  lbs., 
lent  to  boiler  i.  evaporation  of  34M  lbs.  fiom  and  at  £12°.  la  each  case  fll.tinr".)^ 
;n  Ibi.  pressure  P,  and  lbs.  weight  W. 
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"We  do'  not  place  a  horse  pK>wer  rating  on  our  boilers.  The  term  as 
applied  to  marine  boilers  in  particular,  leaves  room  for  serious  misunder- 
standing, for  it  is  the  design,  size  and  details  of  the  engine  that  determines, 
the  power." 

There  is  nothing  the  matter  with  the  term  as  it  is  just  as  definite  a  unit 
as  the  poimd,  or  gallon — it  is  the  ignorance  of  the  user  that  causes  che 
confusion. 

The  design,  size  and  details  of  the  engine  have  nothing  to  do  with  the 
meaning  of  the  term  "boiler  horse  power,"  but  the  number  of  heat  unit? 
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Pigs.  4,166  and  4, 167 .—-One  boiler  horse  power.  If  sufficient  heat  be  applied  to  the  pot  U> 
evaporate  34 J^  pounds  of  water  per  hour  having  a  temperature  of  212**  F.  into  steam  of  the 
same  temperature,  one  boiler  horse  Power  is  developed.  The  water  and  steam  will  have  a. 
temperature  of  212"  P.  when  the  barometer  reads  29.92  inches,  corresiranding  to  a  pressure: 
of  14 .7  pounds  absolute. 

used  by  the  engine  less  the  number  returned  to  the  boiler  in  the  feed  water 
per  hour  determine  how  many  boiler  horse  power  is  required.  Builders, 
however,  cannot  be  blamed  because,  as  before  stated,  the  selection  of 
boilers  is  usually  left  to  those  having  little  or  no  knowledge  of  the  require- 
ments. 

By  definition  one  boiler  horse  power  is  the  evaporation  of  30 
pounds  of  water  from  an  initial  temperature  of  100    Fahr.  to  steam 
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at  70  pounds  gauge  pressure ^  which  (as  accepted  by  the  A.  S.  M.  E. 
Power  Plant  Code  Committee),  is  equivalent  to  34.5  pounds  of 
water  evaporated  per  hour  from  a  feed  water  temperature  of  212° 
into  dry  steam  at  the  same  temperature,* 

Example, — A  250  horse  power  triple  expansion  marine  engine  requires 
15  pounds  of  steam  per  hour  per  horse  power  at  165  poimds  pressure.  If 
the  feed  water  be  delivered  to  the  boiler  at  122**  Fahr.,  how  much  boiler 
horse  power  is  required,  allowing  10  per  cent,  of  the  total  steam  for  auxil- 
iaries? 

Steam  required  by  engine        =  250  X 15  =  3 ,750  lbs , 

Steam  required  by  auxiliaries  =  10  per  cent .  of  3 ,750  =    375    " 

Total  steam  required  per  hour  =4,125    " 

From  the  table  of  "factors  of  evaporation"  (page  1,808) ,  factor  for  evapo- 
ration at  165  potmds  pressure  for  feed  water  at  122  **  by  interpolation 
=  1.145. 

Equivalent  evaporation  from  and  at  212°  =4,125X1.145 =4,723,  or 

4,723  -^34.5  =  137  boiler  horse  power 

Example. — ^A  250  horse  power  tug  engine  requires  50  potmds  of  steam 
per  horse  power  hour,  at  70  pounds  pressure.  If  the  feed  water  be  delivered 
at  100°  Fahr.,  what  boiler  horse  power  is  required,  allowing  10  per  cent,  of 
the  total  steam  for  auxiliaries? 

Steam  required  by  engine        =  250  X50  =  12,500  lbs. 

Steam  reqiured  by  auxiliaries  =  10  per  cent,  of  12,500  =   1 ,250    * 


Total  steam  required  per  hour  =13,750    ** 

Since  one  boiler  horse  power =30  poimds  evaporation  from  feed  at  100** 
into  steam  of  70  pounds  pressure. 

Boiler  capacity  =  13,750  -^30 =458  horse  power 

The  two  examples  just  given  show  that  engines  of  the  same 
horse  power  may  require  boilers  of  widely  different  capacities, 
hence,  engine  horse  power  is  no  index  of  boiler  horse  power. 


*  NOTE. — ^Using  the  figures  for  total  heat  of  steam  given  in  Marks  and  Davis  steam 
tables  34^  pounds  from  and  at  212^  is  equivalent  to  33,419  B.%m.  i)er  hour,  or  to  an  evapora- 
tion of  30.018  pounds  for  100®  feed  water  temperatuxe  into  steam  at  70  pounds  pressure. 

t  NOTE. — ^The  expression  "from  a  feed  water  temperature  of  212*  into  dry  steam  at  the 
same  temperature"  is  generally  abbreviated  to  **trotn  and  at  212^," 
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The  items  upon  which  the  boiler  horse  power 

1.  Total  steam  required  {in  pounds  per  hour), 

2.  Pressure  and  temperature*  of  the  steam. 

3.  Temperature  of  the  feed  water. 
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Quality  of  the  Feed 
Water. — As  stated  by 
SheaJy: 

"The  waters  of  our  lakes , 
rivers,  springs,  and  under- 
ground streams  contain 
more  or  less  mineral  sub- 
stances that  have  been  dis- 
solved by  the  water  in  its 
passage  through  the  earth , 
and  also  more  or  less  dirt, 
mud,  and  vegetable  matter 
which  have  been  taken  up 
and  carried  along  by  the 
■water.  When  water  is 
evaporated  in  a  boiler,  all 
of  Uiese  impurities  are  left 
behind  andTare  usually  de- 
posited in  solid  form.    In 


'M 


merely  settle  as  a  soft  mud 
and  can  be  blown  off,  but 
more  often  they  form  a  hard 
scale  on  the  heating  sur- 
face, which  is  difficult  to 
remove." 

Since  this  scale  is  a  very 
poor  conductor  o£  heat,  its 
presence  1,  reduces  the 
efficiency  of  the  boiler,  and 
2,  by  separating  the  plate 
from  the  water  causes 
overheating  of  the  metal 
which  may  be  foUowed  by 


Accordingly,  it  must 
be  evident  that  the 
quality  of  the  feed  water 
must  be  considered  in 
determining  what  type 
of  boiler  to  tise. 
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For  instance,  where  the  feed  water  is  bad,  a  vertical  fire  tube  boiler  with 
closely  spaced  tubes,  as  in  fig.  4,168,  rendering  tube  sheet  inaccessible  for 
cleaning  would  not  oe  the  proper  type. 

Provision  has  been  made  in  the  Reynolds  vertical  boiler  so  that  the  tube 
sheet  is  semi-accessible  by  the  radial  spacing  of  tubes  as  in  fig.  4,169. 

In  the  horizontal  return  tubular  boiler  the  surfaces  that  are  liable  to  be 
overheated  because  of  scale  and  sediment  are  more  easily  reachai  in  the 
return  tubular  boiler  by  providing  man  holes  in  the  heads  at  the  expense 
of  a  few  tubes  as  shown  in  fig.  4,170;  this  renders  all  the  surface  accessible. 

It  is  claimed  by  makers  of  water  tube  boilers  having  sections  made  up 
of  pipes  and  return  bends,  or  so  called  "coils,"  that  although  the  interior 
of  the  section  is  inaccessible  for  cleaning,  the  rapid  circtdation  prevents  the 
formation  of  scale.  Although  the  circulation  may  reduce  the  amount  of 
scale  that  would  otherwise  be  formed,  such  boilers  are  not  to  be  recom- 
mended for  scale  forming,  or  muddy  feed  waters. 

The  parallel  arrangement  of  tubes  expanded  into  drums  or  headers,  so 
that  they  are  accessible  for  internal  cleaning,  is  the  kind  to  use  for  such 
feed  waters  where  a  water  tube  boiler  is  preferable  to  the  fire  tube  type. 

Figs.  4,171  to  4,172  show  these  types  of  water  tube  boiler,  with  inacces- 
sible, semi-accessible,  and  accessible  tube  interiors. 

Quality  of  the  Steam. — ^According  to  the  view  of  a  good 
many  engineers,  "steam  is  steam;"  however,  there  are  several 
kinds  of  steam,  and  it  is  generally  classified: 

1.  According  to  pressiire,  as: 

fl.  Low  pressure  (5  pounds  to  50  pounds). 

b.  Medium  pressure  (50  pounds  to  150  pounds). 

c.  High  pressure  (150  pounds  to  300  potmds). 
d»  Extra  high  pressure  (300  pounds  and  above). 

2.  According  to  its  state,  as: 

a.  Wet. 

b.  Saturated. 

c.  Superheated. 

Accordingly  before  deciding  on  the  type  and  construction  of 
the  boiler,  it  is  i:ecessarv  to  know  what  kind  of  steam  is  wanted. 
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On  page  1,639  (vol,  4),  the  author  shows  the  adaptation  of  the 

three  kinds  of  steam. 

For  contractors'  rough  work,  where  a  temporary  instollatioii  is  provided 
and  fuel  is  cheap,  it  is  not  necessary  to  dry  and  superheat  the  steam,  but 
where  economy  is  aimed  at ,  saturated  or  superheated  steam  ^oold  be  used 
according  to  the  degfree  of  economy  sought. 

For  saturated  steam  a  boiler  should  be  selected  that  has  adequate  liber- 
ating surface  and  should  be  provided  with  a  dry  pipe  running  the  entire 
...  ...i__i.^ — .: 1 -v .-_  i;_  i,174an"  " 


iCTgth  of  the  liberating  surface,  as  shown  ir 


'4  and  4,175.    Asepa- 


Pios.  4,174  and  4,176.— The 

ticnisheUboilw.    Fig,  4,17.. 
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if  boiler,  which  together  with  the  practice  of  raisin 


.g  its  length. 
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should  also  be  provided  at  the  engine  to  catch  any  condensate  in  the  steam 
when  it  reaches  the  engine. 

Of  course,  superheated  steam  requires  a  boiler  with  a  superheater. 

Nature  of  the  Fuel. — Upon  the  kind  and  quality  of  the  fuel 
to  be  used  will  depend  the  type  of  furnace  most  suitable  for  proper 
combustion.  Thus  a  furnace  suitable  for  burning  high  grade  coal 
will  be  quite  different  than  one  suitable  for  burning  shavings, 
dry  and  wet  saw  dust,  bagasse  and  other  refuse  fuels. 

Furnaces  for  burning  these  refuse  fuels  are  of  the  "Dutch  oven"  pattern, 
equipped  with  special  grates  and  air  ducts  for  the  admission  and  distribution 
of  the  proper  amount  of  air  for  thorough  and  complete  combustion. 

The  saw  dust  from  mill  saws  is  very  fine,  and  when  coming  from  certain 
kinds  of  timber,  such  as  hemlock  and  elm,  is  very  difficult  to  bum;  the 
mills  using  tubular  boilers,  set  in  the  ordinary  way,  have  to  air  dry  slabs 
from  the  logs  and  then  use  in  large  quantities  to  help  bum  the  saw  dust, 
even  then  experiencing  the  greatest  difficulty .  With  the  Dutch  oven  setting 
the  saw  dust  is  burned  completely,  without  difficulty,  without  the  use  of 
slabs. 

Upon  the  heating  value  of  the  fuel  and  efficiency  of  the  boiler 
will  depend  the  amount  necessary  to  bum  in  a  given  time  to 
generate  the  required  amount  of  steam. 

Example, — If  the  heating  value  of  a  certain  coal  and  effidencv  ol  boiler 
be  such  as  to  give  an  evaporation  of  8  to  1,  from  and  at  212*  Fahr.,  how 
many  pounds  of  coal  are  required  per  hour  for  an  evaporation  of  600  i)ounds 
of  steam  at  80  pounds  per  hour  with  feed  water  at  100**  Fahr. 

Factor  of  evaporation  for  80  poimds  pressure  and  110*  feed  water  is 
(from  table),  1.1412. 

Equivalent  evaporation  at  80  pounds  and  110^=8-^11-14=6.99. 
Coal  required  =  500 T- 6. 99  =  71. 4  pounds  per  hour 

Rate  of  Combustion. — Having  determined  the  quantity  of 
a  given  coal  necessary  to  bum  per  hotir  to  generate  the  required 
amount  of  steam  as  in  the  example  just  given,  the  size  of  grate 
will  depend  on  the  rate  of  combustion,  which  is  governed  by  the 
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intensity  of  the  draught.  Thus,  for  locomotives  from  80  to  125 
pounds  of  coal  are  ordinarily  burned  per  square  foot  of  grate 
per  hour,  whereas  in  some  stationary  boilers  the  combustion  rate 
is  only  from  11  to  15  pounds  per  square  foot  per  hour. 

Example, — ^What  size  grate  is  required  for  the  boiler  of  the  preceding 
example  if  the  rate  of  conjbustion  be  15  pounds  of  coal  per  square  foot  of 
grate  per  hour? 

Size  of  grate =71 .3 -^  15  =4.75  sq.  ft. 


HI6H  TEMPERATURE 


LOW  TEMPERATURE 


?S71f-" 


tmm 


Figs.  4,176  and  4,177. — ^Wasteful  and  eflficient  vertical  shell  boilers.  A  few  short  tubes  of 
large  size  as  in  fig .  4 , 1 76  results  in  high  stack  temperature  and  poor  economy .  This  represents 
the  usual  cheap  construction  which  has  given  this  boiler  a  bad  reputation  among  users,  not 
only  in  regard  to  economy ,  but  with  resi)ect  to  burnt  tubes  also .  Fig .  4 , 1 77  shows  the  remedy 
for  these  defects,  the  heating  surface  being  composed  of  a  large  number  of  small  tubes  instead 
of  a  few  large  tubes.  With  this  arrangement  the  hot  gases  are  sufficiently  cooled  on  reach- 
ing the  water  level  to  give  high  efficiency  and  avoid  burning  the  tubes .  ^  This  principle  has  been 
employed  commercially  in  the  Manning  boiler  and  other  boilers  imitating  the  Manning  design. 

Example, — A  locomotive  when  developing  1,000  horse  power,  requires 
30  pounds  of  steam  per  horse  power  hoiu:  at  175  pounds  pressure,  feed 
water  70®  Fahr.  What  size  grate  is  required  if  the  evaporation  be  7  to  1, 
and  rate  of  combustion  be  125  pounds  of  coal  per  square  foot  per  hour? 
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combustion;  also  in  a 
lesser  degree  upon  nu- 
naerous  other  items, 
such  as  arrangement  of 
the  heating  surface, 
bafSes,  etc. 


It  must  be  evident  that 
the  higher  the  rate  of  com- 
bustion, the  greater  the 
amount  of  heatihg  surface 
that  must  be  provided  per 
sq.  ft.  of  grate  to  absorb 
the  heat,  otherwise  more 
heat  will  be  lost  through 
the  stack  at  the  expense 
of  the  efficiency. 


The    efficiency    of    a 

boiler,  as  stated  by 
Kent,  is  the  percentage 
of  the  total  heat  generated 
by  the  combustion  oj  tks 
fuel  which  is  utilized  in 
heating  water  and  in 
raising  steam. 


With  anthracite  coal  the 
heating  value  of  the  com- 
bustible portion  is  very 
nearly  14,800  B.t.u.  per 
pound,  equal  to  an  evapor- 
ation from  and  at  212°, 
of  14,800  +  970.4  -  16.26 
pounds  of  ivater. 
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A  boiler  which  when  tested  with  anthracite  coal  shows  an  evaporation  of 
12  poimds  of  water  per  pound  of  combustible,  has  an  efficiency  of 

12-*-15.26=78.6  per  cent. 

a  figure  which  is  approximated,  but  scarcely  ever  reached  in  practice. 

The  difference  between  the  efficiency  obtained  by  test  and 
100  per  cent .  is  the  sum  of  the  numerous  wastes  of  heat,  the  chief 
of  which  is  the  necessary  loss  dtie  to  the  temperature  of  the  chimney 
gases. 

Conditions  for  high  economy  are: 

1,  High  temperature  approachixLe  3,000^  Fahr.  in  the  furnace,  and, 

2,  Low  temperature  below  600   in  the  stack. 

For  satisfactory  results  the  heating  surface  to  grate  ratio  should  not  be 
less  than  30  to  1  when  the  combustion  rate  is  12  pounds  per  square  foot  of 
grate  per  hour;  for  high  combustion  rates  the  ratio  should  be  50  to  1  and 
over. 

Where  economy  may  be  secondary  to  capacity,  as  where  fuel  is  very  cheap , 
it  is  customary  to  proportion  the  heating  surface  much  less  liberally. 

According  to  Kent  the  relative  restdts  that  may  be  expected  with  different 
rates  of  evaporation,  with  anthracite  coal  are  as  follows: 

Pounds  of  water  evaporated  from  and  at  212®  per  square  foot  of  heating 
surface  per  hour: 

2        2.5        3        3.5        4  5  6  7  8  9         10 

Square  feet  of  heating  surface  reqtiired  per  horse  power: 
17.3     13.8     11.5      9.8       8.6       6.8       5.8       4.9       4.3       3.8       3.5 

Heating  surface  to  grate  ratio  if  }4  square  foot  of  grate  surface  be  required 

per  horse  power: 

52      41.4     34.5     29.4     25.8     20.4     17.4     13.7     12.9     11.4     10.5 

Probable  relative  economy: 
.100      100      100       95        90        85        80        75        70        65         60 

Probable  temperature  (degrees  Fahr.),  of  chimney  gases: 
450      450      450      518      585      652       720      787      855      922      990 

Nature  of  the  Load. — In  determining  the  boiler  capacity 
to  be  provided,  a,  careful  study  of  the  nature  of  the  load,  present 
and  future,  is  necessary.    The  load  may  be: 
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1.  Continuous. 

2.  Intermittent. 

3.  Tlniform, 

4.  Variable. 

5.  Gradually  increasing. 


LAfiSE  RESERVE  CAPACITY  SMALL  RESERVE  CAPACITY 


Fn)S.4,lS2and4,183. — Two  widelvdifFerenttypesofbcnler.  the  choice  betmen  the  two  dBpend- 
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reserve  power  would  be  fiuitable.  but  for  a  vessel  making  regular  i 
especially  at  high  speed .  a  wat*  -■■'--■--■.....     ...  a  ,    . 


OS.  4, 1S2  and  4,183. — Two  widelvdifFerenttypesofbcnler.  the  choice  betm 
ineuponthenatureoftheload.  Thus  for  a  ferry  boat  or  lighter  where  thi 
■° --^'ermittent  and  sometimes  wit'^^-'*'  ■"-'*:'">   ^  ^^^r^^u  h.^:u..  iti^  a. 

ve  power  'would  be  suitable. 

:ially  at  high  speed,  a  i^ater  t 

.est  power  per  pound  weight. 

r,  a  high  speed  passenger  boal 
niied  with  Scotch  boilers.  The  bo 
of  their  bulkincss.    Sufficient  boiler  capacity  could  no 

and  thair  eiLcessivE  weight  50  increased  the  draught  th __ , 

to  overcome  the  added  resistance.    These  boilers  were  replaced  by  water  tube  boilers  of 
considerably  greater  capacity,  and  although  of  a  heavy  type,  the  draught  was  reduced 

safeguard  against  shut  down.     Where  the  load  is  uniform  the  problem 
of  boiler  capacity  is  simple,  but  for  variable  load  it  is  often  quite  complex. 
For  variable  load  it  is  necessary  to  determine  what  is  called  the  load  fac- 
tor, or  ratio  of  the  average  load  to  the  maximum  load  during  a  certain  period 
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of  time  as  a  day,  month  or  year. 
Station  economizers  depend  on  load 
factorsand  high  load  factorsare  un- 
common except  in  metallurgical 
plants.  Railway  plants  give  very 
valuable  load  factors. 

A. station  with  a  high  load  factor 
should  have  few  and  large  boilers, 
and  tor  low  load  factor  a  larger 
number  of  small  boilers  should  be 
provided. 

Nearlyallplants  begin  with  a  small 
load,  which  gradually  increases  from 
year  to  year  as  the  plant  grows, 
accordingly  in  designing  the  boiler 
house  this  should  be  taken  into 
accoiftit,  and  room  should  be  pro- 
vided either  in  the  house  or  for  an 
extension,  go  that  additional  boilers 
may  be  installed  when  necessary  to 
meet  the  increase  in  load. 


Space  Available. — This  often 
ictates  the  style  of  boiler  to  be 
sed,  and  frequently  it  is  a 
roblem  to  get  the  required  boiler 
ipacity  within  the  given  space. 
'he    locomotive    boiler    is    an 


I  and  4,186,— Two  bailers  o£  the  same  power  with  widely  different 
Fig.  4,184,  ordinary  vertical,  shell  boiler;   fig.  4,18S,  Stanley  au 
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example  of  a  large  power  unit  within  a  restricted  space.  Such 
boilers  have  well  defined  limits  as  to  width  and  height,  resulting 
in  a  long  boiler  worked  at  very  high  rate  of  combustion,  the  latter 
condition,  making  it  necessary  to  employ  a  high  heating  surface- 
grate  ratio  to  secure  proper  efficiency. 

Some  types  of  water  tube  boiler  are  built  with  very  low  center 
of  gravity  to  adapt  them  to  the  limited  head  room  in  office 
buildings. 


o    o 
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Figs.  4.186  and  4,187. — What  to  look  at,  1:  For  moderate  and  high  pressures  avoid  lap 
longitudinal  joints  (fig.  4,186) ,  and  insist  upon  butt  and  double  strap  longitudinal  joints 
(fig.  4,187),  made  in  accordance  with  the  A,  8,  M.  E,  Boiler  Code  requirements. 

The  most  extreme  examples  of  power  concentrated  within  a 
small  space  are  the  shell  and  flash  boiler  used  in  steam  automo- 
biles. 

For  instance,  in  the  Stanley  14-inch  shell  boiler  there  are  309  tubes  13 
inches  long  and  %  outside  diameter,  giving  45  square  feet  of  heating  sur- 
face, weight  112  pounds.  To  appreciate  the  compactness  of  this  boiler  it 
should  be  compared  with  the  ordinary  stationary  boiler  of  same  capacity, 
where  proportions  are:  diameter,  24  inches;  height,  4  feet;  28  tubes 
2  inches  by  24  inches;  square  feet  of  heating  surface,  44;  weight,  1,300 
pounds. 


L 


Workmanship. — Many  buyers  when  about  to  purchase  a 
boiler,  visit  the  boiler  shop  of  the  maker  and  examine  the  boiler. 
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Or  if  they  purchase  from  a  dealer,  they  visit  the  dealer's  ware- 
house and  look  the  boiler  over. 

The  boiler  offered  generally  presents  a  pleasing  appearance  to 
the  eye,  being  nicely  painted  with  a  thick  coating  of  black 
paint. 

The  cylindrical  surface  and  the  heads  look  smooth .  The  rivets 
neatly  spaced.  The  boiler  maker  or  dealer,  irrespective  of  the 
class  of  work  he  is  building  or  offering,  is  familiar  from  long 


Pigs.  4,188 and  4 ,189. — What  to  look  at,  2:  The  siacing  of  the  rivets.    Irregular  spacing  as 
in  fig.  4,189,  indicates  poor  workmanship. 


experience  with  the  usual  verdict,  which  is,  **the  boiler  looks 
fine,  the  workmanship  is  good."  The  author  concedes  the 
boiler  will  look  **fine.*'  The  paint  is  largely  responsible  for 
that,  but  is  the  workmanship  good?  Can  the  average  buyer 
express  an  accurate  opinion  as  to  the  workmanship  used  in  the 
construction  of  a  boiler  merely  by  external  inspection?     This  is 
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difficult  but  not  impossible,  provided  the  buyer  knows    just 
what  to  look  at. 


WHAT  TO  LOOK  AT 

1.  Any  boiler,  48  inches  diameter  and  larger,  which  must  withstand  a 
working  steam  pressure  up  to  and  including  125  pounds,  should  have  triple 
riveted  butt  joints  with  double  covers  on  all  longitudinal  seams.  For  150 
pounds  pressure,  the  butt  joints  should  be  quadruple  riveted.  Avoid  lap 
joints  on  longitudinal  seams. 


LOP  5IDE.D  RIVET, 


BLIND  RWELT 


fio.  4,100. — What  to  look  at,  3:  rivet  heads.   They  should  be  perfect  and  not  lopsided. 


L 


C0RRU6ATI0N5 


Figs.  4,191  and  4,192. — What  to  look  at,  4:  plate  edges  and  conditi'm  between  rivets. 
edges  should  be  planed,  and  not  show  any  bulges  or  corrugations  between  rivets. 


The 
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2.  Measure  and  compare  the  distance  between  centers  of  the  rivets,  in 
both  longitudinal  and  circular  seams,  in  a  number  of  different  places. 
This  will  be  an  indication  of  the  accuracy  used  in  spacing  the  rivet  holes 
and  driving  rivets. 

3.  Examine  the  rivet  heads.  They  should  be  button  tyi>e,  uniform,  fuU, 
true,  with  heads  accurately  centered.  Jf  irregular  or  lop  sided,  it  is  logical 
to  deduce  they  were  hurriedly  and  carelessly  driven.  Also  look  particularly 
for  blind  rivets  put  in  to  plug  holes  carelessly  punched  out  of  line. 


RIGHT  WAY 


WRONG  WAY 


SHARP  TOOL 


Pigs.  4,193  and  4,194. — What  to  tool  at,  5:  Caulking  with  wrong  kind  of  tod, 
should  be  done  with  a  sharp  tool,  as  in  fig.  4,194. 


No  caulking 


EXCESSIVE 
CAULKING 

Pig.  4,195. — What  to  look  at,  6s  Excessive  caulking.  Too  much  pressure  brought  on  the  plate 
edge  will  cause  it  to  bulge  between  the  edge  and  rivet  leaving  no  contact  except  at  the 
edge  to  form  a  tight  joint. 

4.  Examine  the  edge  of  each  sheet  to  determine  if  each  has  been  planed. 
Also  for  corrugations,  caused  by  squeezing  and  distorting  the  plate,  on 
account  of  using  excess  pressure  in  riveting. 


2380 
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5.  Examine  the  caulking  of. each  seam  to  determine  if  done  with  a  round 
nose  tool.   No  caulking  done  with  a  sharp  tool  should  be  accepted. 

6.  Examine  the  plate  between  rivet  holes  for  bulges,  indicating  excessive 
caulking,  which  shows  that  the  plate  was  not  up  in  place  during  the  opera- 
tion of  caulking. 

7.  Hammer  marks  on  the  edge  of  the  plates  indicate  careless  workman- 
ship. 


Fio.  4,196* — What  to  look  at,  7i  hammer  marks;  indication  of  poor  workmanfthip. 


EFFICIENCY 
C^,  OF  LIGAMENTS/ 


Fig.  4,197. — What  to  look  at,  8:  ttihe  spacing.    Note  thickness  of  tube  plate  and  calculate 
efficiency  of  ligaments.    See  A,  S,  M*E,  Boiler  Code,  page  46,  par.  192. 


8.  Examine  the  spacing  of  the  tubes  and  compare  with  the  spacing  re- 
quirements of  the  A.S,M.E,  Boiler  Code,  Measure  the  distance  from 
center  to  center  of  a  number  of  the  tubes.  Here  is  an  indication  of  the 
character  of  the  design  and  the  accuracy  of  the  laying  out. 
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11.  The  buyer  should  ascertaia  if  the  insides  of  the  tubes  be  perfectly 
smooth  and  without  grooves  at  the  inside  of  each  tube  ^eet ,  which  mdicatea 
that  a  roller  expander  has  been  used  lor  expanding  the  tubes  and  not  a 
Prosser  expander. 
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12.  The  plate  immediately  surrounding  the  tube  ends  should  be  carefully 
examined.    Excessive  rolling  will  be  indicated  by  enlargement  of  the  tube 

13.  Lay  a  straight  edge  on  the  tube  sheets,  which  will  indicate  if  the 
heads  have  been  ttioroughly  straightened  and  annealed  after  flanging,  or 
not  drawn  out  of  iine  by  tubes  or  braces. 


1 ,200  and  4 .201 . — What  to  look  at.  Jit  tin  luhe  nub,  to  det«raiine  by  their  appeuanca 
hetbera  roller  or  Frosser  eipander  waa  used.  Fig.  4,200,  expanded  by  roller  eipaoder. 
J.  4.201  by  Prosser  eipandei. 


cally  straight  and  m 
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14.  Examine  the  spacing  of  the  rivets  which  connect  the  braces  to  the 
heads  and  compare  with  the  spacing  recommended  by  the  A.S.M,Er 
Boiler  Code, 

15.  Examine  if  lugs  which  support  boiler  be  made  of  cast  iron.  They 
should  be  of  pressed  steel . 

16.  Ascertain  if  all  flanges  and  nozzles  be  made  of  wrought  material, 


STRAIGHT  EDGt 


Fig.  4;a03. — What  to  took  at,  IS:  the  tube  sheets.    They  should  be  flat  and  not  show  any 
irregular  surfaces. 


Pig.  44204. — What  to  look  at,  14:  the  braces.   These  should  be  in  accordance  with  the  require- 
ments of  the  A  .S.M.E.  Boiler  Code. 
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instead  of  cast  iron.    Examine  the  caulking.    The  pkUe  is  often  carelessly 
cut  while  caulking  flanges  and  nozzles .  Look  for  the  mill  stamps  on  the  plates . 

17.  Insist  on  having  a  man  hole  cover  removed,  then  examine  the  seat  of 
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Figs.  4 ,205  and  4 .206 . — What  to  look  at,  15:  the  lugs.  Pressed  steel  for  these  parts  represents 
the  most  up  to  date  practice.  Cast  iron  lugs  indicate  that  the  shop  is  not  fully  equipped  with 
modem  tools. 


Pigs.  4,207  to  4,209. — What  to  look  at,  16:  ntuzles  and  flanges.    These,  as  in  the  case  of 
the  lugs,  should  be  of  pressed  steel. 
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MANHOLE  PLATE  NOT 
LESS  THAN  2k4MNCM 


Fig.  44SIO.— IFAaf  to  look  at,  17:  the  man  hoie.    Note  thickness  of  cover  seat  and  condition 
of  surface. 

Pig.  4e, 2X1,— 'What  to  look  at,  18s  man  Me  cover  and  crabs;  should  be  of  pressed  steel. 


STRAIGHT 
&D6E; 


VVl 


/ 


IIHIIIIUIillliil 


Pio.  4,212. — What  to  look  at,  19 f  man  hole  cover  joint  surface.    Test  with  straight  edge.  a< 
evidently  if  the  surface  be  not  true  there  will  be  difficulty  in  obtaining  a  tight  joint. 
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the  gasket  of  the  man  hole  cover,  which  should  be  properly  machine  faced 
and  not  less  than  ^  of  an  inch  wide. 

18.  Man  hole  cover  and  crabs  should  be  flange  steel,  pressed  in  shape. 

19.  The  surface  of  the  man  hole  cover  which  comes  in  contact  with  the 
gasket  should  be  perfectly  true  when  tested  with  a  straight  edge. 
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CHAPTER  71 
HOW  TO  DESIGN  A  BOILER 


This  chapter  may  be  regarded  as  virtually  a  continuation  of 
Chapter  62,  in  vol.  4,  on  "How  to  Design  an  Engine,"  for  having 
designed  the  engine,  the  next  problem  is  to  design  a  boiler  suitable 
for  supplying  it  with  steam.    Boiler  design  involves: 

1.  Selection  of  type. 

2.  Porportion  or  parts. 

The  reqtiirements  for  the  boiler  under  consideration  are  stated 
in  the  example  which  follows: 

Example. — Design  a  boiler  for  the  engine  of  Chapter  52,  vol. 
4,  to  operate  under  the  following  conditions:  Working  pressure, 
100  pounds  saturated  steam;  feed  water  temperattire  100*^  Fahr.; 
engine,  30  horse  power,  requiring  20  pounds  of  feed  water  per 
horse  power  per  hour;  evaporation,  8  to  1;  combustion  rate,  12 
pounds  coal  per  hour  per  square  foot  of  grate;  grate-heating 
surface  ratio  proportioned  for  quick  raising  of  steam  and  high 
overload  capacity  without  material  economic  loss. 

Type  of  Boiler. — ^A  special  design  of  vertical  shell  boiler  will 
be  found  well  adapted  to  the  requirements,  as  it  takes  up  little 
room  fore  and  aft,  its  center  of  gravity  is  within  limits,  and  the 
weight  will  not  exceed  that  desirable  for  a  boat  of  the  character 
for  which  the  engine  is  intended. 

Steam  Required. — The  factor  of  evaporation  for  steam  at  100 
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pounds  presstire  from  feed  water  at  100°  Fahr.,  is  (from  table), 
1.1555,  hence 

Total  steam  per  hour =30X20  =  600  lbs.  per  hour, 

Equivalent   evaporation =600X1.1555  =693   lbs.    "from   and   at   212** 
Pahr." 

Coal  required. — The  rate  of  evaporation  is  given  as  8  potinds 
of  steam  per  lb.  of  coal,  accordingly 

Total  coal  per  hour  =  693-^8  =  86.6  lbs. 

Size  of  Grate. — This  depends  on  the  rate  of  combustion  and 
amount  of  coal  to  be  burned  per  hotir.  For  normal  operation, 
the  combustion  rate  is  12  lbs.  of  coal  per  sq.  ft*  of  grate  per  hour, 
from  which 

Area  of  grate  =86.6 -5- 12  =  7.22  sq.  ft.  =7.22X144  =  1,040  sq.  ins. 


Diameter  of  grate  =     ^  7cHi~  W  7fttu~^^''^  "^^'^  ^^^  ^^  "^^* 

Diameter  of  Shell. — For  a  vertical  boiler  the  shell  must  be  of 
such  diameter  as  to  enclose  the  furnace  with  proper  margin  for 
the  surrounding  water  leg.  Now,  diameter  of  furnace  equals 
diameter  of  grate,  hence, 

inside  diam.    of  shell  =diam.   grate +2    (width    water   leg+thickness 
sheet) (1) 

For  a  small  boiler,  2  inches  will  be  ample  for  width  of  water  leg  plus 
thiclmess  of  furnace  sheet,  then  substituting  in  (1). 

Inside  diameter  of  shell  =  36 +2X2 =40  inches. 

Thickness  of  Shell. — In  determining  the  thickness  of  shell, 
both  the  efficiency  of  the  riveted  joint,  and  the  efficiency  of  the 
ligament,  between  the  tube  holes  must  be  considered  substituting 
in  the  formula  for  thickness  of  shell,  whichever  be  the  weaker 
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(joint  or  ligament),  becaiise  a  boiler,  like  a  chain,  is  no  stronger 
than  its  weakest  member. 


nvutioa  vrill  obtain 


Evidently,  for  good  design,  the  ligament  should  at  least  be  as  stroi^  as 
the  joint,  and  in  designing,  the  tube  sheets  will  bo  designed  so  that  this 
I  mil  ^Uf=  in     Since  the  strength  of  the  riveted  joint  is  always  tesr 
than  the  strength  of  the 
shell  plate,  the  type  of 

S'nt  to  be  used  must  first 
decided  upon. 


'Hb  RIVET  HOLES                 "    1 

c 

)          c 
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Pms.  4.213  kod  4.214.— Butt  aiid  double,  itiap  double  i 


This  partly  decides  the  matter,  a  choice  being  left  of  several  forms  of 
butt  and  double  strap  joints.  Of  these,  the  double  riveted  butt  and  double 
strap  joint,  as  shown  m  figs.  4,213  and  4,214,  is  the  simplest,  and  a; 


To  obtain  the  exact  value  for  the  efficiency  of  the  joint,  the  thickness  of 
shell  must  be  known ,  hence  a  preliminary  calculation  must  be  made  with 
assumed  values  for  thickness  ofshell  and  efficiency  of  joint ,  also  the  tensile 
strength  of  the  boiler  phite. 


NOTE.— /RdutonburaboUar  for  ■  given  see  of  conditianf ,  the  «BtB  Burfoce  shou 
•■■--*'■' — ■'  u  possible.  •»/ (ufBdent  for  a  rate  of  comburtioa  of  10 Ibi-per  square  lo 
""     -    J--"        tr  aqua™  foot  for  bitumi '  — i ;- »~...t.~.  -  ~. 


'anlhracite.and  II ,...-. 

lis  8;nte  aurfacs  may  ht  bricked  over  if  it  be  found  that  the  draumt ,  fu 
.—...-J.J— vi_     . '----'-  i,  when  plain  cylinder  and  two  flue  be 


render  It  advisable.    In  earlier  tii 


^havsaratiao(Bay^to20,  orl  to25.  of  grate  hgatiogau. 

very  tlow  rates  of  combustion  these  proportions  gaveSi  fair  degree  of  economy,  b 
were  driven  faster,  the  economy  fell  off.  and  the  loss  orheaC  in  the  chimney  gpea  b. 

to  heatiuF  surface  became  1  to  30.  When  water  tube  boilers  came  largely  into  usa 
that  the  Sgtiest  economy  could  be  obtained  with  a  ratio  of  1  to  40  or  I  ta  50.  in 
it  has  become  quite  common  to  pile  up  heating  surface  on  a  given  area  of  grate,  s 
of  1  to  eO  are  not  infrequent 
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The  experienced  designer  knows  approximately  the  required  values  before 
making  the  calculation,  and  accordingly  trial  values  of  J4  inch  for  thickness 
of  shell  and  .8  for  efficiency  of  joint  will  be  taken. 

Now,  according  to  the  A.SM.E,  Boiler  Code: 

17.  Thickness  cf  Plates,  The  mim'Tmim  thickness  o£  any  boiler  plate  under  pressure  shall 
be  }i,  inch. 

The  trial  value  is  therefore  not  beyond  the  limit  of  approved  practice. 

Again,  according  to  the  A.S,M.E»  Boiler  Code: 

14.  Tensile  Strength  of  Steel  Plate, — The  tensile  strength  used  in  the  computations 
for  steel  plates  shall  be  that  stamped  on  the  plates  as  herein  provided,  which  is  the  minimum 
of  the  stipulated  range,  or  55,000  pounds  per  sqtiare  inch  for  all  steel  plates,  except  for  si>ecial 
grades  having  a  lower  tensile  strength. 

Using  plate  of  55,000  pounds  tensile  strength,  and  assuming  the  liga- 
ment to  be  as  strong  as  the  ;joint, 

tensile  strength  X  thickness  of  plate  Xeff.  of  joint     .  . 
inside  radius  of  shell  X  factor  of  safety . 

Substituting  the  above  values,  and  adopting  a  factor  of  safety  of  5  as 
prescribed  in  the  A.S.M.E.  Boiler  Code  (section  180): 

TVT     •  55,000X^X.8     ,,^,. 

Maximum  pressure  =  —    onvV ~   *  P^  ^'  "^* 

The  next  step  is  to  find  the  exact  value  for  efficiency  of  joint,  using  the 
following  data  from  the  A.S.M.E.  Boiler  Code: 

19.  Minimtmi  thickness  of  butt  straps  for  ^-inch  shell  plate  in  M-inch. 

16.  Strength  of  Rivets  in  Shear. — In  computing  the  ultimate  strength  of  rivets  in 
shear,  the  following  values  in  pounds  per  square  inch  of  the  cross  sectioned  area  of  the  rivet 
shank  (after  driving)  shall  be  used:  steel  rivets  in  single  shear,  44,000;  in  double  shear,  88,000. 


15.  Crushing  Strength  of  Steel  Plate. — The  resistance  to  crushing  of  steel  plate  shall  be 
taken  at  05,000  pounds  per  square  inch  of  cross  section. 

The  joint  is  calculated  according  to  section  413  of  the  A.S.M.E.  Boiler 
Code,  which  is  fully  explained  in  Chapter  68. 

Data 

From  Code  5 =44,000  pounds  per  square  inch 

TS = 55,000  i)oimds  per  square  inch  S = 88,000  ppimds  per  square  inch 

/  =  Ji  inch  =  .25  inch  c  =  95,000  pounds  per  square  inch 

6  =  Ji  inch  =  .25  inch  »  ==  1 

P  =4  inches  N=2  • 
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Selected 
P— 4  inches 

<i  =  'Ms  inch  =  .6875  inch 
a  =  .37122  inch 

A=PxtxTS-4X.25X56.000-66,000. 
B.=  (P-Ti)iXTS{4— .6875)  .25x55,000=45 ,547. 

C  =  NxSX<»+nXiXa  =  2X88,0OOX.37I22  +  lX44,O0OX.37122-81,M 
D  =  (P— 2(i)tXTS+nXJXa  =  {4^2X.6875).25X55,000  +  lX44,OOOX 
.37122  =  52,257. 
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STRAP 
EACH 

'iGS.  4.215  and  4,2IQ.— Butt  and  double  lUap  double  riveted  longitudinal  joint  ihowiiw 
dimensiona  Bi  obtained  from  the  .4.  S- jlf.  S.  Ao/Iar  Oxte  ind  those  selected. 

F-NX'iXtX'^+nXdX6Xc''2X.6876X.25x95,000  +  lX.6875X.25X 

95,000=48,985. 
G  =  NXiXiXe+nXsXa-2X.6875X.25X95,000+lX44,OOOX.37123  = 

48,990. 


45,547(B) 
65,000{A)  ' 
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with  which  value,  assiuning  at  least  eqiial  efficiency  of  ligament,  and  again 
substituting  in  (2) 

TVT     •  55,000 X MX. 828     ,- .  « 

Maximum  pressure  =» — • — ^^Z.^, » 114  lbs.  per  sq.  in. 

being  14  lbs.  above  the  required  100-lb.  pressure. 

For  the  circumferential  joints  a  single  riveted  lap  joint  will  suffice,  its 
strength,  as  will  be  shown  later,  being  far  in  excess  of  that  required. 


Furnace. — This  consists  of  a  circular  shell,  riveted  to  the 
boiler  shell  at  its  lower  end,  and  to  the  lower  tube  sheet  at  the 


Pxo.  4,217. — Portion  of  cylindrical  internal  ftmiace  showing  spacing  of  screwed  stay  bohs. 


upper  end,  being  reinforced  by  stay  bolts  tapped  radially  to 
furnace  and  boiler  shell.  According  to  the  A.&M.E.  Boiler 
Code: 

212.  An  internal  cylindrical  ftimace  which  requires  staying  shall  be  stayed  as  a  fiat  surface 
as  indicated  in  Table  3. 

For  a  plate  thickness  of  ^  and  120  pounds  steam  pressure,  the  table 
gives  a  maximum  allowable  pitch  of  4Ji  mches  for  screwed  stay  bolts  with 
ends  riveted  over. 

In  fig.  4,217,  abed  is  the  area  to  be  supported  by  each  stay  bolt;  this  is 
equal  to  ABCD,  that  is. 
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area  per  stay  bolt-ofcci-ABCD  -4^X4^-22.56  sq.  ins. 

and  for  114  pounds  (maximum  steam  pressure  allowed  on.  boiler), 

load  on  each  stay  bolt  =22.66X114=2,572  lbs. 

According  to  the  A.SM.B.  Boiler  Code  418,  Table  II,  the  allowable 
load  on  stay  bolts  with  V  thread,  12  threads  per  inch,  is  for  a  "Jll  bolt 
2,632  pounds  (based  on  7,500  lbs.  stress  per  sq.  in.)  being  2,632-2,572 
—  1601ba,  in  excess  of  required  amount.  Ute  "^  in.  stay  bolts.  TTiese 
stay  bolts  should  be  located  with  respect  to  the  lorwitudinal  joint  in  fur- 
nace sheet  as  in  R.g.  4,218. 

For  the  fire  door  opening  througli  furnace  sheet,  the  latter  may  be 
flanged  outward  and  riveted  to  the  outer  shell,  as  in  fig.  4,229,  or  doOT 


IS. — SactioD  of  ahell  and  intcnul  crlindricat  timaco  Hbawins  proiwr  loatloil  of  ilar 
J- ....  * ?...i-_.,  T_i_.  ^  furnace  Hheet, 

o  may  be  used,  as  in  iig.  4,220,  the  ring  to  be 

Lower  Tube  Sheet. — ^Upon  the  lower  tube  sheet  depends  the 
tube  capacity,  for  its  effective  diameter  for  tubes  is  considerably 
less  than  the  shell  diameter,  because  of  the  space  taken  up  by  the 
water  leg  and  flange. 

Thus,  in  fig.  4,221,  the  width  of  water  apace  +  thickness  of  furnace 
sheet  —  2  ins.,  and  allowing  13^  in.  tube  sheet  flange  radius  gives  a  radial 
distance  of  24-l}^=3H  inches  on  each  side  not  available  for  tubes,  or 
3HX2— Tins,  total.    Hence,  diameter  of  tube  sheet  available  for  tubes,  or 

tube  limit  diameter— 40— 7  —33  ins. 
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The  tube  layout  for  drilling  the  tube  sheets  will  now  depend  on 

1.  Heating  surface. 

2.  Diameter  of  tubes. 

3.  Length  of  tubes. 

In  the  catalogue  of  a  well  known  builder  of  vertical  marine  boilers,  the 
following  proportions  are  given: 

Proportions  of  Vertical  Marine  Tubular  Boiler 


No.  of 
2-inch 
tubes 

Sq.  ft. 

of 

grate 

Sq  .ft. 

of 
heating 
surface 

Ratio 
heating 
surface 

• 
-s- 

grate 

Weight  lbs. 

Size 

Total 

Per  sq.  ft. 

of  heating 

surface 

30X54 
36X60 
42X64 

64 

91 

120 

3.68 
5.58 

7.87 

71 
105 
143 

19.3 

18.8 
18.2 

1,450 
2,000 
2,900 

20.4 

19 

20.3 

An  inspection  of  the  table,  especially  the  columns  giving  heating  surface- 
grate  ratios  and  weights  will  reveal  at  once  why  this  type  of  boiler  is  in  bad 
repute  among  users,  especially  those  who-  have  had  experience  with  water 
tube  boilers. 

Evidently  in  designing  the  line  of  boilers  listed  in  the  table,  a  heating 
surface-grate  ratio  of  only  20  was  aimed  at.  For  economy,  even  with  the 
low  rate  of  combustion  ordinarily  employed,  such  ratio  is  ridiculous  and 
has  nothing  to  commend  it  except  cheapness  of  construction,  which  no 
doubt,  from  the  manufacturer's  standpoint,  is  necessary  to  meet  competi- 
tion. Since  the  author  does  not  have  to  meet  this  kind  of  competition ,  it  will 
be  instructive  to  follow  tik  present  design  from  this  point  on  to  see  what  can  be 
done  in  reducing  size,  weight  and  increasing  efficiency  of  the  vertical  boiler. 

In  the  example  one  of  the  requirements  is  that  the  grate-heating  surface 
ratio  shall  be  proportioned  for  quick  raising  of  steam  and  hi^h  overload 
capacity  without  material  loss  of  economy.  This  means  a  high  heating 
surface-grate  ratio.    In  marine  practice  ratios  of  25  to  60  are  common. 

To  adapt  the  boiler  to  the  very  high  overload  capacity  of  the  engine 
due  to  its  variable  cut  off  valve  giear,  and  render  it  sensitive  as  required, 
a  ratio  of  50  : 1  will  be  used,  assuming  that  the  shell  will  accommodate  the 
required  tubular  area  without  imdue  length,  for  in  marine  practice, 
the  height  ts  limited  because  of  the  necessity  of  a  low  center  of  gravity. 
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For  tlie  50  to  1  ratio, 

heating  6uriace=grate  areaX50-7.07X50-354  sq.  ft. 
of  which,  approximate  heating  surface  ot  furnace  sheet  and  lower  tube  sheet 

=  3.1418X3X1K  =  14  sq.  ft.* 
hence  tubular  heating  surface  —354 — 14  =340  sq.  ft. 


316  50.  FT 

MEATrN6 

50RFACE 

SHE  Zfc'XM" 


m 


lEflTINh  ^.UHFACr 


7537  LBS. 


,228. — Comparisons  ot  vi 
■  ■""1,  Bubmeived  tube  ni 


[urance,  factor  1 W  feet,  a  beiabl  of  turaace.  In 
urface  out  out  of  luraaco  eheet  by  door  openin«, 
(not  cut  avay  by  holes  for  tubes),  ii  about  offset. 
be  caJculnted  until  the  niunbet  and  Bue  of  tuba  an 
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The  number  of  tubes  necessary  will  depend  on  their  diameter  and  length 
and  to  arrive  at  the  best  proportions  several  "trial  layouts"  should  be  made, 
with  different  size  tubes — say  2 , 1 J^  and  1  inch  tubes .  The  boiler  being  for 
marine  service,  the  center  of  gravity,  as  previously  mentioned,  must  be 
kept  as  low  as  possible,  accordmgly  the  tuoe  length  will  be  limited  to  say 
3  feet. 

Now,  for  2,*  and  1}4  iJich  tubes,  their  "properties'*  are  from  table  (of 
National  Tube  Co.): 


Properties  of  Boiler  Tubes 


Size 

outside 

diameter 

Thickness 

Weight 
per  ft. 

lbs. 

Length  of  tube 

per  sq.  ft. 

of  internal  surface 

2 

IH 

.095 
.095 

1.932 
1.425 

2.11    feet 
2 .  915  feet 

For  the  high  concentration  of  power  required,  the  experienced 
designer  knows  at  once  from  a  sense  of  proportion,  that  2  inch 
tubes  are  impossible,  but  they  will  serve  to  illustrate  the  method 
of  design. 

First,  the  trial  layouts  are  made  to  determine  the  approximate 
number  of  tubes  for  each  size,  only  a  quadrant  or  quarter  of  the 
tube  sheet  being  considered,  great  accuracy  not  being  necessary. 
For  2  inch  tubes,  with  3^  inch  ligaments,  the  tube  sheet  will 
accommodate  143  tubes,  as  obtained  in  fig.  4,227. 

Since  (from  Hible  above)  2.11  feet  of  2  inch  tube  are  required 


*  NOTE. — The  tube  shotdd  be  of  such  length  that  the  length  as  manufactured  is  a  multiple 
of  the  tube  length  as  cut  for  the  boiler  to  avoid  waste  of  material  in  cutting,  remembering  tnai 
boiler  tubes  are  expensive. 

NOTE. — ^Tubes  2  inches  in  diameter  are  the  standard  for  smaH  tubes  and  is  the  size 
generally  used  in  vertical  boilers  up  to  72  inch.  It  is  a  satisfactory  size  for  the  ordinary  com- 
mercial proposition  where  size  and  weight  of  boiler  are  of  no  consequence. 
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TOTAL  NUMBER  OF  TUBES 
«4{(4l-lCil+(l4X9))+l-143 

2  IN. 

TUBES 

JfelN. 
LIGAMENTS 


Fig.  4,227. — ^Trial  tube  sheet  layout  for  2  inch  tube;  H  inch  ligaments.  Draw  the  axes  OX. 
and  Oy,  and  describe  the  tube  limit  arc  with  radius  =  16H  inches.  With  O,  as  center  and 
radius  oa^yi  inch,  describe  arc  representing  a  2  inch  tube,  and  lay  off  the  ligament  ab^ 
H  inch,  ana  radius  he  of  next  tube  =  H  inch.  ^  Then  oc  is  the  tube  pitch  on  X  axis.  .ITiis 
should  be  done  accurately.  With  dividers  set  to  pitch o^:,  step  off  tube  centers,  on  OX ,  obtaining 
OX  tubes.  Now  with  o  and  c.  as  centers  and  radius  —  o6,  describe  arcs  intersecting  at  d.^  and 
draw  through  d,  aline  parallel  to  OV.  Describe  with  tube  radius  a  circle  whose  center  is  on 
this  line  and  tangent  to  the  arcs  just  described.  0«,  then  will  be  the  diagonal  pitch,  and  O/, 
its  projection  on  OV.  Now  with  dividers  set  to  O/,  step  off  on  OY,  the  points  g,  h^  i.j.  k,  I. 
Draw  with  soft  pencil  (2H>  parallels  to  OX  through  points  «,  i,  and  k,  also  go  over  OX  and 
OY  with  soft  pencil,  and  with  hard  pencil  (6H) ,  draw  parallels  through/,  h,j  and  L  Number 
the  tube  centers  previously  found  on  OX,  1,  2,  3,  4,  5,  and  6.  and4Riw  with  soft  pencil,  line 
through  these  centers  parallel  to  OY.  Take  a  strip  of  paper  and  mark  oflf  on  the  edge  these 
tube  centers,  and  transfer  these  distances  to  the  parallel  through  /,  obtaining  tube  centers, 
which  number  8,  9, 10, 1 1 .  12  and  13,  and  through  these  centers  draw  with  hard  pencil,  lines 
I>arallel  to  OY.  By  construction  then  any  tube  center  will  be  at  the  intersection  of  any^two 
light  lines  or  any  two  heavy  lines.  Now  mark  on  each  line  parallel  to  OX ,  indicating  with  a 
cross  the  center  of  last  tube  that  will  come  within  the  tube  limit  arc,  drawing  a  tube  arc,  as 
at  14,  where  it  cannot  be  judged  by  eye.  Next  number  all  the  light  line  intersections,  and 
all  the  heavy  line  intersections,  obtaining  centers  up  to  41.  Now  since  only  half  of  each 
tube  on  OX  and  OY  (except  center  tube  No.  7),  comes  within  the  quadrant,  each  tube  on 
OX  and  OY  (except  center  tube),  will  count  as  H  in  the  estimate,  and  as  there  are  four 

quadrants  in  the  tube  sheet,  the  total  number  of  tubes  ■»4|  (41— 10)4- (HX9) } 4-1  =  143. 
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per  sq.  ft.  of  internal  heating  stixface,  and  total  tubtilar  heat- 
ing surface  is  340  sq.  ft. 

total  length  of  2  inch  tubes =340X2. 11  =  717  ft, 

length  of  each  tube = 717-^  143  =  5 .01  ft. 

being  5.01 — 3=2.01  feet  longer  than  the  3  ft.  limit. 

TOTAL  NUMBER  OF  TUBK 
-4l(70-l3)+('>iiXi2)Kl= 253 


TUBES 

LIGAMENTS  ^t 


Pig.  4^228. — ^Trial  tube  sheet  layout  for  1>^  inch  tubes,  H  *^ch  ligament.    This  combination 
requires  2~8  tubes  cut  to  3.02  ft.  lengths,  being  .92  ft.  in  excess  of  the  3  foot  limit. 


Next  try  13^  inch  tubes  with  ^  inch  ligaments.  The  tube 
sheet  will  accommodate  about  253  tubes  as  obtained  in  j&g. 
4,228. 
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Since  (from  table  above),  2.915  feet  of  IJ^  inch  tube  are  required  per 
sq.  ft.  of  heating  surface, 

total  length  of  IVi  inch  tubes  « 340X2. 915  =991  ft. 
length  of  each  tube  =991  -s- 263 =3.92  ft. 

being  3.92-3  =  .92  ft.  longer  than  the  3  ft.  limit. 

It  is  thus  seen,  from  the  two  trials,  that  the  amount  of  heating  surface 

TOTAL  NUMBER  OF  TUBES 


=4{(I49-20)+C'>^XI9))+l*  555 

1IN. 

TUBES       r 


^IQ)  IN. 
U6AMENT5 


Fig.  4,229. — Trial  tube  sheet  layout  for  1  inch  tubes,  %  inch  ligaments.  This  snives  555  tubes, 
each  2.9  ft.  long  or  approximately  2  ft.  11  in.  which  is  practically  the  3  foot  limit.  The  actual 
length  of  the  tubes  as  cut  from  tubes  of  12  foot  length  will  be  3  feet  less  the  thimlmfas  of  the 
metal  removed  by  cutting  as  shown  in  fig.  4,230. 

that  can  be  crowded  into  a  given  space  is  increased  as  the  size  of  tube  and 
ligaments  are  reduced. 

Now  for  the  1  inch  tubes  with  ^  inch  ligaments,  the  author  has 
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no  table  at  hand  giving  properties,  so 
these  will  have  to  be  calculated,  taking 
thickness  at  5^inch.* 

inside  diam.  =  1— 2  X56  =  1—2  X  .09375  ==  .8125  ins. 
inside  circum .  =  ir  X  diam  .  =  3 .  1416  X  .81  —  2 .55  ins- 


(1) 


X 

O 

q: 

Q. 

a 
< 


length  of  tube  per)  __      ^^      =4  7 

sq.  ft.  internal  area/     2.55 X 12  

With  1  inch  tubes  and  ^i^-incb.  ligaments,  the 
tube  sheet  will  accommodate  555  tubes,  as  shown 
in  fig.  4,229,  and  from  (1) 

total  length  of  1-inch  tubes =340X4.7  =  1,598  ft. 
length  of  each  tube  =1,598-5-555  =2.9  or 

approximately  2  ft.  11  ins. 

This  is  practically  the  three  foot  limit,  and  in 
construction  assuming  the  material  can  be  ob- 
tained in  12  foot  lengths,  each  length  would  be 
cut  into  four  pieces,  giving  3  foot  tubes  less  the 
amount  of  metal  cut  away — say  ^/g  inch  per  cut, 
and  allowing  J^  overlap  at  the  ends  for  beading. 
The  actual  distance  between  outer  surface  of 
tube  sheets  would  be,  say  3 — (V^  overlap -f^ 
cut  away)  =2'  — 115^"  as  shown  in  fig.  4,230. 
Figs.  4,231  and  4,232  show  dimensions  of  lower 
tube  sheet.* 

Upper  Tube  Sheet. — ^This  is  identical 
with  the  lower  tube  sheet,  except  that  its 
diameter  is  extended  to  40  inches  in  order 
that  the  flange  may  be  riveted  to  the  shell, 
and  has  a  1 J^  in.  tap  for  main  outlet. 


Pig.  4,230. — ^Detail  of  tube  and  sheets  showing  allowance  for  cutting  and  tube  maigin  outside 
of  sheets  for  heading. 


♦NOTE. — Since  making  the  calculation,  the  author  has  inserted  on  page  2,238  a  table 
^viog  the  "properties"  of  standard  boiler  tubes.  The  */ii  (.094)  thickness  selected  above 
IS  virtually  the  same  as  given  in  the  table  (.095),  but  in  practice  the  standard  tube  No.  13 
gauge  (.095  in.)  would  be  used  because  of  cost  and  durability,  unless  extreme  lightness  be  desired. 

NOTE. — ^To  avoid  reducing  decimal  feet  to  fractional  inches,  set  dividers  to  2.9  inches 
on  engineer's  scale  and  placing  dividers  on  architect's  scale  of  1"  =1',  the  equivalent  is  read 
oflf  direct,  here  taken  approximately  as  2  ft.  10"/6  ins.  This  avoids  the  time  and  trouble  oi 
figuring,  and  also  the  chance  of  making  an  error  in  figurine 
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Tube  Sheet  Circumferential  Seams.— Since  a  considerable 
portion  of  the  load  coming  on  the  tube  sheets  is  carried  by  the 
tubes,  and  the  area  reduced  by  the  tube  holes,  the  circumferential 
seam  need  not  be  so  strong  as  the  longitudinal  seam.  The  cir- 
cumferential seams  should  be  designed  to  meet  the  following 
requirements: 

A.S.M.E.  Boiler  Code. 

184  a.  Circumferential  Joints,  The  strength  of  the  circum- 
ferential joint  of  boilers,  the  heads  of  which  are  not  stayed  by 
tubes  or  through  braces  shall  be  at  least  60  per  cent,  that  of  the 
longitudinal  joints  of  the  same  structure. 

6.  When  50  per  cent,  or  more  of  the  load  which  would  act  on 
an  unstayed  solid  head  of  the  same  diameter  as  the  shell,  is 
relieved  by  the  effect  of  tubes  or  through  stays,  in  consequence  of 
the  reduction  of  the  area  acted  on  by  the  pressure  and  the  holding 
power  of  the  tubes  and  stays,  the  strength  of  the  circumferential 
joints  in  the  shell  shall  be  at  least  36  per  cent,  that  of  the  longi- 
tudinal joints . 

U.S.  Marine  Rules. — Maximum  pitch 

9.  For  single  riveted  lap  joints 

Maximum  pitch  =  (1 .31 X  T)  -h  ^ 

in  which  T  =  thickness  of  plate  in  inches. 

Since  as  just  explained,  only  part  of  the  load  is  carried  by 
the  circumferential  seam,  single  lap  riveting  is  found  amply 
strong. 

Lower  Tube  Sheet  Circumferential  Seam. — ^From  the 
detail  of  lower  tube  sheet  figs.  4,231  and  4,232, 

Gross  area  36-inch  circle  =  .7854 X 36^  =1 ,018  sq .  ins. 

Area  555,  1  ^inch holes  =  555 X.7854X (1^)2=    463 


( (     (( 


Net  area  of  tube  sheet  =    655 


i(     ii 
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Here  practically  50  per  cent,  of  the  load  is  removed  by  the  reduc- 
tion of  tube  sheet  area  alone,  the  holding  power  of  the  tubes 
being  so  great  that  a  calculation  is  unnecessary  and  the  circum- 
ferential seam  need  be  only  35  per  cent  of  that  of  the  longitudinal 
seam  to  meet  requirement  184,  6,  of  the  AS.M.E.  Boiler 
Code  just  quoted;  that  is,  eflSciency  of  longitudinal  seam  being 
82.8  per  cent.,  then 

efl&ciency  of  circumferential  seam  =  35%  of  82.8% =29% 
Now,  according  to  the  U.  S.  Marine  Rules,  for  single  riveted  lap 

joint. 

maximum  pitch  =  1 .31 X T+ 1^ 

and  substituting  thickness  of  plate  (J^  inch), 

maximtun  pitch  =  1 .31 X  M+ 1%  =  1 .95  inches 

Upper  Circumferential  Seam. — ^From  the  detail  of  upper  tube  sheet, 
figs.  4,223  and  4,224. 

Gross  area  40-mch  circle  (from  table)  «  1 ,256.6  scj.  ins. 

Area  555,  IJ^  tube  holes  (as  calculated) «  463 


<«     tt 


Net  area  of  tube  sheet  =  793 .6 

Thus  i;463-^l,256.6)Xl00=36.8%.  leaving  60-36.8  =  13.2%  of  the  load 
to  be  carried  by  the  tubes  to  meet  the  requirements  of  184,  b^AtS,  M.  E. 

I 

Poiter. Code,  just  quoted. 

Now,  from  experiments  by  Yarrow  &  Co.  on  steel  tubes  2  Ito  2Ji  inches 
<iiameter,  the  holding  power  was  found  to. range  from  7,000  to  41,716 
pounds,  the  majority  ranging  from  20,000  to  30,000.  In  the  absence  of 
data  on  1-inch  tubes,  consider  that  the  holding  poyrer  varies  with  the 
circumference  and  thidoiess,  then -from  table  of  tube  dimensions:  circum>- 
ference:  1-inch  tube -3.142;  2-inch  tube =6.283,  and  f/wcA:ne««;  1-inch 
tube « 5^  =  .0934;  2-inch  tuhe^. 095.  Taldng  8,000  pounds  as  the  holding 
power  of  a  2-inch  tube,  then 

'3 142      0934 
holding  power  of  1-inch  tube  =  8,000 Xr^^X^r—  =3,910  lbs. 

O.2o3     .095 

(by  slide  rule),  which  is  a  very  conservative  estimate  from  which  holding 
power  656, 1-inch  tubes- 666X3,910 « 2,170,060  pounds.  Total  load  on 
40-inch  solid  tube  sheet 

=  12,566.6  sq.  ins.Xll4  steam  pressure  =  1,432,592  lbs. 

thus,  the  holding  power  of  the  tubes  is  considerably  in  excess  of  the  total 
load  that  would  come  on  the  tube  sheet  even  if  the  latter  were  solid,  and 
accordingly  a  single  riveted  lap  joint  having  an  efficiency  of  35  p^  cent,  of 
that  of  the  longitudinal  seam  (in  accordance  with  A.S.M*  E.  requirements) 
is  amply  strong. 
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Main  Steam  Outlet. — Since  the  boiler  is  designed  for  high 

overload  capacity,  the  main  outlet  should  be  of  adequate  size 
for  the  excess  steam  flow. 

Assume  a  majdraum  combustion  rate  of  60  pounds  per  square  foot  of 
grate  per  hour,  and  7  : 1  combustion,  then 


k 


^■—^ 


— Lower  tube  sheet.     The  holei  ere  diilled  lb  inch  Ivger  than,  the  tutK;: . 


7  07X60 
steamcapadty  per  minute— -^^Tj —  X7— 11.241bs. 


volume  of  steam  per  minute— 41.24X3.82— 197.5  cu.  ft. 


HOIV  TO  DESIGN  A  BOILER 


For  10,000  feet  per  minute  steam  flow 

_1S7 .5X144 
10,000     " 


sectiooal  area  of  outlet " 


it 


m 


Pigs.  1.283  and  4,231. — Upper  tubs  sheet,  showing  tube  laTout..  Theliaaments  are  '^  In. 
Thocentera  nro  located  bythe  method  shown  in  figf.  4,222.  The  drawing  does  not  show 
tappidga  for  diyer  connection  or  for  smolcs  nog  bolts. 

Auxiliary  Steam  Outlet. — For  the  50  pound  combustion 
rate,  feed  water  per  hour  is41.24X60-^8H  =  297  gallons.    Now, 


HOtt'  TO  DESIGN  A  BOILER 


r^  PIPE  SIZE 
ANNEALED  SHELBY 
STEEL  TUBINS 


!B.' — Detaji  ahowiiiff  tipper  tube  iheot,  aeparator,  collectot  uid  dry^- 

, ide  of  tbm  sheet  metafabout  No.  13  gauss  and  being abspBd  as  ihown 

extending  over  to  the  tubes.     This  forces  the  steam  arising  Mom  the  libu&ting  siafaM  near 


Iby 

,,. „ , ,M' 

te  top.  the  steam  makes  a  second  change  of  dinctioa  before  entering  the  collector, 
iringlwo-fcildEepaTBtion.  Thacolfer  (or  13  mada  of  light  tubing  and  encirdeitba  boiler 
theendsbeingtLEhtEy  joined  to  a  special  T.  4^fl  holes  spaced  about  1  inch  aput  sbonld 
ed  all  aroun  Jtha  outer  sirfo  of  the  collector  at  4S°  to  tho  vertical.    The  Orfmf  b  con- 

This  coil  should  have  a  libera!  mipiber  of  convolu'tions.  the  diameter,  of  the  inner- 
um  being  as  small  as  advisable  for  the  siie  pipe  used.  The  T  near  the  outlet  a  for 
to  safety  valve.    This  T  should  tie  special  so  as  to  bring  top  of  collector  irithin  H 
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from  some  injector  catalogues,  as  the  Pemberthy,  for  instance, 
under  table  of  capacities,  sizes  B  and  BB  have  capacity  of  250 
and  340  gallons  per  hour  respectively,  each  having  ^-inch  steam 
connection  J  hence  make  auxiliary  outlet  for  ^-inch  pipe. 

Collector. — In  vertical  tubular  boilers,  the  surface  of  the  tubes 
not  covered  by  water  is  very  inefficient  in  transmitting  heat, 
hence  for  economy,  the  water  level  should  be  carried  as  high  as 
possible.  In  order  to  do  this,  the  steam  is  collected  in  a  pipe  bent 
into  a  ring  which  encircles  the  tubes,  and  being  perforated  with 
small  holes  along  the  top,  takes  steam  all  around  the  top  instead 
of  in  one  place,  thus  there  is  no  marked  tendency  to  raise  the 
water  with  the  steam. 

Separator  Gone. — ^To  prevent  any  undue  excess  of  water 
entering  the  collector,  a  cone  shaped  plate  is  provided  extending 
from  the  shell  to  the  tubes  all  around  and  just  under  the  collector 
as  shown  in  fig.  4,236.  Thus  the  steam  in  passing  from  the 
liberating  surface  to  the  collector  must  pass  over  the  tubes  and 
change  its  direction,  undergoing  the  process  of  separating  and 
drying. 

Dryer. — Connected  to  the  main  outlet  is  a  coil  of  pipe  placed 
directly  over  the  tube  sheet  as  shown  in  figs.  4,235  and  4236, 
so  that  any  water  that  may  enter  the  collector  may  be  evaporated 
in  traversing  the  dryer. 

It  should  be  noted  that  the  function  of  the  dryer  is  to  dry  and  not  super- 
heat the  steam,  the  object  being  to  deliver  steam  to  the  engine  in  the 
saturated  state.  The  temperature  at  the  point  where  the  dryer  is  located 
is  about  right  for  the  purpose  intended,  though  for  efficient  operation  it 
should  be  frequently  cleaned  of  soot. 

Stack  and  Smoke  Gone. — The  power  of  a  stack  varies  directly 
as  its  effective  area,  and  as  the  square  root  of  its  height.  A  for- 
mula for  stack  area  often  used  is; 
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E  =  .3  horse  power -^  VH (1) 

in  which  E  «area  is  square  feet,  and  H,  height  in  feet. 

Now  for  30  horse  power  capacity  and  2-foot  height,  substituting  in  (1) 

E  =  .3X30-r  V4=4.5  sq.  ft. 

Approximate  diameter  corresponding  is  28 Ji  ins.  As  calculated,  the 
formula  gives  a  ridiculous  value  which  shows  that  it  is  not  suited  to  marine 
conditions.  Since  the  effect  of  the  breeze  produced  by  the  motion  of  the 
boat  is  to  give  a  semi-forced  draught,  a  smaller  stack  may  be  used  and  in 
this  case  its  diameter  may  be  fixed  at  a  little  less  than  half  the  boiler  diam- 
eter, sav  18  ins.,  this  proportion  having  been  found  by  experieace  with 
similar  boilers  ample  to  meet  the  conditions  of  operation.* 


■18- 
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SMOKE  CONE 
ASBESTOS  BOAR 
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SMOKE  RING 
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Fig.  4,237. — Detail  of  smoke  ring,  smoke  cone,  and  stack.  The  liberal  amount  of  insulation 
provided  prevents  rapid  cooling  of  the  hot  gases,  thus  improving  the  draught,  and  protecting 
the  oak  1  agging  from  t  he  heat .  The  smoke  cone  has  a  slope  angle  of  30  ^  and  rests  on  a  sheet 
metal  rim,  so  as  to  clear  the  dryer,  as  shown  in  fig.  4,231.  The  inside  of  the  smoke  cone  is 
covered  with  asbestos  board.  The  ring  is  flanged  inward  at  the  bottom*  which  serves  to 
fasten  it  to  the  boiler.  At  the  top  is  an  external  flange ,  which  covers  the  asbestos  insulation 
and  oak  lagging,  and  to  which  is  fastened  the  smoke  cone. 

Grate  Bars. — These  may  be  either  cast  or  of  the  wrought 
btiilt  up  construction.  Figs.  4,238  and  4,239  show  the  latter  tj^pe. 
For  lightness  as  much  air  space  is  allowed  as  possible,  which  for 

*N0TE. — ^the  value  obtained  by  use  of  formula  (1)  above  shows  that  the  designer  shotild 
know  from  experience  approximately  what  the  size  should  be,  otherwise  seriotas  errors  might 
result. 
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pea  coal  may  be  the  maximum  spacing  between  bars  is  J^inch. 
By  reducing  the  thickness  of  bars  to  ^fe-inch  a  large  percentage 
of  the  grate  is  occupied  by  the  air  spaces  thus  reducing  the  weight 
to  a  minimum.  The  construction  of  the  grate  is  shown  in  the 
illustration. 


WROUGHT   BARS 
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Fig.  4,240. — Sectioiul  vic«  of  bo{I«  ai  designed  b^  the  author  ihairing  principal  dEmen 
separator. coUeciorand dryer, lishtwcigbc built upgiatei. covering. etc.  The  oalila 
secured  by  metat  bands  makes  a  neat  covering,  though  Suuia  iron  could  be  used  in: 
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Wei^t  of  Boiler. — ^For  the  service  intended  this  is  an  impor- 
tant item,  as  in  marine  practice  all  unnecessary  weight  represents 
a  dead  load,  that  could  otherwise  be  utilized  in  increased  carrying 
capacity,  or  its  absence  contributing  to  increasing  the  speed* 
The  general  method  of  approximating  the  weight  is  as  follows: 

In  the  calculation  of  weight  of  the  various  parts  the  following 
units  are  used: 


CAST  BAFFLt 


^ 


^6  PLATE 


Figs.  4»241  to  4,244. — ^Door  construction.  The  construction  should  be  as  light  as  is  consistent, 
with  adequate  strength.  It  is  made  up  of  «/i6  plate  with  cast  iron  baffle  bolted  with  2  inch  air 
space  between.     The  door  may  be  either  right  or  left  as  desired. 

Weight  Unit  for  Sheet  Steel 

Weight  of  sheet  steel  490 lbs.  per  cu.  ft.;  .2836  lbs.  per  cu.  in. 
Weight  of  sheet  steel  }4  in  •  thick  6 . 1  lbs .  per  sq.  f  t . 
Weight  of  sheet  steel  Ji  in.  thick  10.2  lbs.  persq.  ft. 
Weight  of  sheet  steel  Mi  in.  thick  12.75  lbs.  per  sq.  ft. 
Weight  of  sheet  steel.J^in.  thick  15.03  lbs.  per  sq.  ft. 
Weight  of  sheet  steel  No.  12  U,  S.  gauge  4.462  lbs.  per  sq.  ft . 
Weight  of  ^Vn  round  steel  for  stay  bolts .  147  lbs .  per  in . 
Weightof  1  in. boilertube No.  13 gauge,  .9181bs. perft. 
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In  the  calculations  these  units  are  given  in  heavy  figures,  to 
avoid  explanation  in  each  case. 

-   Shell. — The  general  dimensions  of  shell  and  other  parts  are 
given  in  fig.  4,240,  and  from  which 

40 
Square  feet  of  shell=3  1416X^2X6.25=54.9 

Weight  of  sheU  =54.9X10.2  = 660  lbs. 

Furnace. — In  calculating  weight  of  furnace  walls  by  dis- 
regarding metal  cut  away  for  door  opening,  this  will  approxi- 
mately allow  for  weight  of  door  and  baffle. 

Sq.  ft.  of  furnace  walls    » (3.1416X3)  X2«18.86 

Weight  of  furnace  walls  =18.86X12.75  = 2.41  lbs. 

Lower  Tube  Sheet. — ^There  are  555 — IJ^inch  tube  holes, 
the  combined  area  of  which  must  be  subtracted  from  the  sheet 
area  to  obtain  net  area  of  sheet,  thus: 

Gross  area  of  sheet  =  .7864X3*  = 7.07  sq.  ft. 

Approximate  area  of  dange=3.1416X3XV«'"  1-67    **    ** 

Total =8.64    '*    "       8.64      (A) 
Diameter  tube  holes  » 1^  »  s^  » i  .031  inches 

Area  655  tube  holes  =  (.7854 Xl.03P)X665  =463  sq.  ins. 
or  463+144  = 3.22  sq.  ft.     3.22       (B) 

Net  area  lower  tube  sheet  =  (A) — B  = 5.42  sq.  ft. 

Weight  lower  tube  sheet  =  5.42X15.03  = 82  lbs. 

Upper  Tube  Sheet. — ^The  net  area  of  the  upper  tube  sheet 
is  the  same  as  that  of  the  lower  tube  sheet  plus  area  of  annular 
ring  where  outer  diameter  is  40  inches,  and  inner  diameter  36 
inches,  thus: 
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Net  area  of  lower  tube  sheet  =» 5.42  sq.  ft. . .  (A) 

Area  40-inch  circle  (from  table)  =  1,256.6  sq.  ins. 

Area  36-inch  circle  (from  table)  =  1,017.9  *'     ** 

Area  annular  ring  = 238.7  **     *' 

or238.7^144  = 1.66  **    **  ..(B) 

Net  area  of  upper  crown  sheet  =  (A) +  (B)=: 7.08   **    " 

Weight  of  upper  crown  sheet  =7.08X15.03  =  ..106  lbs. 

Tubes. — For  %  thickness  of  metal,  inside  diameter  of  tubes  = 
1 — 2X%  =  %.  Now,  from  * 'memory,"  area  1  inch  circle  = 
.7854  sq.  in.,  and  from  table,  area  of  %-in.  circle  =  .6185  sq. 
ins.,  hence,  cross  sectional  area  of  metal  of  tube=  .7864 — .6186 
=  .2669  sq.  in. 

Weight  of  tubes  per  foot=  .2669X12X.2836=  .91. 

Weight  of  556  one  inch  tubes  3  feet  long  =  (3X.91)X655  =  1 ,615 

lbs. 

Grate  Bars. — From  the  working  drawing  of  grate,  find  the 
average  length  of  bar  in  one  quadrant.  This  is  from  measure- 
ments: 


2+5Ji+7Hi+8H+9%+10iH6 

+  lW6+12}i+12%  +  13»/l6  + 

Average  length  =-^  14^  +  14^^+154-15^+16%+ 

16+16K6+16K6+16%  +  16Ji  + 
116%+16J^+16% 


•  -5-23  =  13.05  inches 


Instead  of  taking  these  measurements  the  average  length  of  grate  bars 
may  be  calculated  tht^s:  Consider  half  of  the  grate  and  describe  semi-circle 
ABC,  whose  diameter  AC,  =  diameter  of  grate. 

Since  area  of  a  circle  =irR', 
area  of  ABC,    =irR« 


Now  the  area  of  a  rectangle  AMSC,  whose  ordinate  x= length  of  average 
grate  bar,  will  be  equal  to  the  area  of  semi-circle  ABC.    That  is, 
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Solving  for  xi 


area  rectangle  AMSC=area  semj-drde  ABC 

or  2Rx  =irR« 
2 


irR«    3.1416R 


fl:=s-r;r  = 


4R 


.7854R«14uis. 


which  agrees  with  the  measvired  result  as  nearly  as  could  be  eacpected. 
The  reason  that  the  two  restilts  are  not  the  same  is  because  of  the  width 
of  the  bars  which  materially  reduces  the  length  of  each,  especially  the  shorter 
ones.     Now,  estimating  from  measurements, 


Fig.  4,245. — Limiting  semi-circle  for  half  of  grate  bars,  illustrating  method  of  calculating 
average  length  of  grate  bars. 

''qIS^'tor^}-23x{l3.05XjiX2^}  =188  cubic  ins. 
Weight  of  grate  bars  4X188X.2836  = 213  lbs. 

Ash  Pan. — This  is  3^-inch  thick  and  is  flanged  upward  1  inch. 
Inside  diameter  of  flange  =  40 J^  inches. 


Area  of  40 J^  circle  (from  table)  = 1,288.2  sq.  ins, 

Areaofflange=3.1416X4034Xl  = 127        «     «. 


(A) 
(B) 


+ 


a 


Total  area  of  pan«  (A+B  = 1,415.2    " 

or  1415  •4- 144  = 9.83  sq.  ft. 

Weight  of  ash  pan=9.83x5.1  = 60  lbs. 
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Stay  Bolts. — ^As  calculated,  the  area  of  furnace  is  14  sq.  ft., 
and  with  stay  bolt  pitch  of  4%  ins. 

Area  per  stay  bolt  «  4JiX4Ji  «  22.6  sq.  ins. 

Number  of  stay  bolts  (14X144)  -^  22.6  =89 (1) 

In  equation  (1) ,  14— sq.  ft.  of  furnace  walls.     Length  of  stay  bolts  less 
thickness  of  shell  and  furnace  walls  is  approximately  2  ins. 

Weight  of  projecting  stay  bolt  iron  =  89  X  2  X  .147  «  26  lbs. 

Rivets. — The  weight  of  the  metal  of  the  rivets  which  project 
en  each  side  of  the  seams  may  be  taken  as  ^  of  the  weight  of 
^Hd  X  1  rivets  which  weigh  22.4  lbs.  per  hundred,  thus 

Weight  of  projecting  metal  =  J^  of  22.4  «  15  lbs.  per  hundred 

* 

There  are  approximately  277  rivets  in  the  boiler,  and  weight  of  projecting 
metal  -  (277  •*■  100)  X  15  -  42  lbs. 

Longitudinal  Seam  Straps. — There  are  two  straps:  one  43^ 
ins.  wide,  and  the  other  8^  ins.  wide. 

Total  width  of  straps  «4 Ji+8^  - 125^. 

Surface  of  straps  =  12J|X63  ^  gj^  ^^  ^^ (2) 

144 
NOTE.'— In  e<iuation  (2) ,  63  is  the  length  of  the  longitudinal  seam  in  ins. 

Weight  of  straps  =  6J4  X  10.2  «  66  lbs. 

Separator. — Consider  the  separator  approximately  equivalent 
to  the  surface  of  a  cone  whose  lower  base  is  40  ins.  in  diameter, 
upper  base  36  ins. ,  and  slant  height  =  6  ins. 

Rule  for  slant  surface:  Multiply  half  the  sum  of  the  circumference  of 
the  two  bases  by  the  slant  height. 

Circiunferences  (from  table),  36-inch  circle  ="113  ins;  40-inch  circle  — 
126  ins. 

Slant  surface*  J^  of  (113-f  126)  X6=717  sq.  ins. 
or717-5-144«.... 4.98  sq.ft. 

Weight  of  separator=4.98X5.1  =« 25  lbs. 

Collector. — Diameter  of  circle  to  which  tube  is  bent  is  34 
inches,  say  3  feet. 
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Length  of  collector  (—circumference  3-foot  circle)  =9.43  ft. 

Weight  of  collector  =  9.43X1.425*  « 13  lbs. 

♦NOTE.— Weight  of  l^i  in.  standard  wrought  pipe  =1.425  lb.  per  ft. 

Dryer. — To  approximate  the  spiral  of  four  convolutions  as 
shown  in  fig.  4,240,  consider  length  equal  to  sum  of  circum- 
ferences of  circles  36,  24,  16  and  8-inch  diameter  plus  2  feet. 
Now,  from  table: 

Circtimference  of:  36  in.  circle =9.43  ft.;  of  24  in.  circle =6.28  ft.;  of  16 
and  8  in.  circles =50.3+25  ins.  =6.27  ft.    Length  of  straight  run =2  ft. 

Length  of  convolutions +straight  run,  or 

length  of  dryer =9.43+6.28+6.27+2 =24  ft. 

Weight  of  dryer  =24X1.425= 34  lbs. 

Smoke  Gone. — ^By  measurement  diameter  of  upper  base  = 
IJ^feet;  of  lower  base  =  3.58  feet;  slant  height  =  1.25  feet. 

Slant  surface  =  >^  of  1.25 X (1.5+3.58)  = 3.18  sq.  ft.. .  (A) 


Arealowerring  (3.1416 X40)X3  =377  sq.  ins. 
**    upper'*     (3.1416X18)  XI  =   56  "     ** 


**    upper  and  lower  rings  =  433**     ** 

or433-^144= 3       «  «  ..(B) 

Total  surf  ace  of  smoke  cone  =  (A)  +  (B)  = 6.18  **     * 

Weight  of  smoke  cone  =  6. 18X4.462= 28  lbs. 

Summary  of  Weights 

SheU 660  lbs. 

Pumace 241  « 

Lower  tube  sheet 82  " 

Upper  tube  sheet 106  " 

Tubes 1,515  " 

Grate  bars 213  « 

Ash  pan 50  " 

•Stay  bolts  (projecting  metal) 26  " 

JRivets  (projecting  metal) 42  " 

Longitudinal  steam'  straps 66  * 

Separator 25  " 

Collector 13  « 

Dryer 34  « 

Smoke  cone 26  " 

Weight  of  boiler  = 2,989  lbs. 
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CHAPTER  72 
HOW  A  BOILER  IS  BUILT 


The  author  is  indebted  to  the  Wicke8  Boiler  Co.  for  the  instructive 
series  of  illustrations  in  this  chapter  showing  the  various  operations 
in  boiler  making  as  performed  at  their  shops  at  Saginaw ^  Mich, 


-1  \ 


Very  fefw  purchasers  of  boilers  have  ^ny  idea  of  how  it  is  btiilt, 
and  consequently  they^do  not  know,  what  totlook  at  to  determine 
the  qtiality  pf  the  workmanship. 

It  is  a. fact  that  usually  very  little  consideration  is  given  by 
the  purchaser  not  only.to  workmanshipy  but  even  to  the  design 
of  a  boiler.  The  importance  of  correct  design  and  good  work- 
manship is  indicated  in  the  following  quotation  from  the  report 
of  the  inspectors  of  the  Hartford  Boiler  Insurance  Co.: 

"Careful  investigation  into  the  causes  of  these  terrible  accidents  divests 
them  of  the  mysterious  atmosphere  which  in  the  minds  of  the  majority 
of  people,  surrounds  them.  Investigation  shows  that  in  almost  every  case 
the  cause  is  traceable  to  poor  material,  faulty  construction,  poor  workman- 
ship and  incompetent  management.  ...  It  is  a  lamentable  fact  that 
there  are  boiler  makers  who  wiU  use  a  cheap  and  low  grade  of  material^ 
and  whose  workmanship  is  very  inferior.  They  *scamp'  and  'shim*  and  ta 
cover  the  defects  put  on  a  thick  coat  of  coal  tar,  and  the  boiler  is  ready  for 
market." 

Usually  when  bids  are  taken  on  horizontal  tubular  boilers,, 
comparison  is  made  by  the  purchaser  of  the  overall  dimensions, 
thickness  of  shell  and  heads,  number  and  diameter  of  tubes 
and  allowable  working  pressure.  These  factors  are  compared 
with  extreme  scrutiny.     Noting,  that  all  specifications  say  "the 
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workmanship  will  be  of  the  very  best,"  the  contract  is  gener- 
ally placed  with  the  lowest  bidder,  without  any  regard  to  the 
number  of  operations  through  which  the  boiler  is  to  be  put  in 
the  shop  and  how  these  operations  are  to  be  performed.  The 
workmanship  which,  from  the  nimiber  of  defects  found  in 
boilers,  would  seem  to  warrant  the  closest  scrutiny  and  mention 
is  passed  over  with  these  words,  "the  workmanship  will  be  the 
very  best"-— and  what  is  the  best? 


FlO.  4.246,— WickMhojiMiiital  tubular  boiler  designed  to  jiass  irspeeti™  of  t 
o£  Public  Safety,  Philadelphia.  Pa.,  the  worlcmanship  beiog  in  accordance  m 
described  in  this  chapter. 


Ques.    How  should  the  laying  out  of  the  riveted  joints 
be  done? 

Ans.     This  should  be  done  only  by  an  experienced  "layer  out" 
for  templates,  so  as  to  secure  absolute  correctness  in  spacing. 

Ques.    What  difficulty  is  encountered  in  flanging  a 
head? 

Ans ,     Owing  to  the  heating  and  cooling  of  the  dies  and  varying 
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thicknesses  of  heads,  it  is  impossible  by  any  process  to  turn  a 
flange  on  a  head  which  is  of  a  fixed  diameteror  circmnference, 
because  there  is  a  variation  using  the  best  dies  obtainable. 

Ques.    What  then  Is  necessary  to  secure  uniform  8[Mic- 
ing  of  circumferential  seams? 


,  and  afterward  di 


iSS^Z 


Ans.     The  holes  for  the  rivets  in  circumferential  seams  should 
be  spaced  only  by  dividers,  after  the  head  flange  has  been  mea- 
sured, so  as  to  divide  equally  the  rivet  spacing,  and  thus  correct,  ■ 
after  the  head  has  been  flanged  and  annealed,  any  slight  irregu- 
larity in  diameter  or  circumference. 
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After  the  plates  and  heads  have  been  laid  out,  Tli-indi  centering  holes 
for  the  drills  should  be  punched  on  one  set  of  plates,  the  other  set  being  left 
blank.  This  practice,  which  should  be  adopted  with  all  rivet  holes  drilled 
from  solid  ptate,  gives  one  ^-inch  centering  hole  for  the  drill  and  thus 
insures  accuracy  in  spacing. 

The  centering  holes  having  been  punched ,  the  shell  and  cover  plates  must 
be  planed  on  all  four  sides  not  less  than  J^  inch  in  from  the  shearing  edge 
in  order  to  cut  away  any  material  affected  by  shearing. 


On  two  sides,  the  plates  must  be  planed  to  a  beveled  edge  for  the  cauUdng* 
tool;  and  on  the  meeting  edges,  to  a  square  edge,  so  that  the  plates  may  be 
brought  up  close  together  under  the  butt  straps. 

By  closely  adhering  to  this  practice,  the  edges  of  the  plate,  where  the  head 
flange  is  turned  in,  do  not  have  to  be  upset  or  split  or  have  a  wedge  inserted, 
in  order  to  dose  the  opening  between  the  edges,  whidi  must  be  done  where 
the  rough  sheared  edge  has  been  left  and  planing  Has  been  done  only  on  two 
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Ques.    After  planing,  what  is  the  next  operation? 

Ans,  The  shell  plates  and  butt  straps  are  passed  through 
bending  rolls  in  a  manner  that  will  insure  their  being  brought  up 
as  nearly  as  possible  to  a  true  circumference  without  the  use  of 


PtO.  4,349. — Piste  bending  mochiae  rolling  boilei  sliell. 


"In  rolling  plates  into  the  cylindrical  form,  preparatory  to  riveting  them 
into  shells,  it  is  customary  to  bend  one  end  of  the  plate  to  what  is  judged 
to  be  the  proper  radius  by  use  of  the  sledge  hammer.    The  plate  is  then 
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run  through  tiie  rolls  and  rolled  into  shape,  the  end  that  was  previously 
bent  being  introduced  first.  When  the  plate  has  been  rolled  all  but  the 
last  five  or  six  inches,  the  last  end  slips  off  of  the  first  roll,  and  the  rolls 
can  no  longer  'grip'  the  sheet.  The  result  is,  that  the  last  end  of  the  sheet 
is  not  bent  to  the  proper  radius,  but  remains  straight  or  nearly  so.  .  .  . 
In  order  to  bring  the  outer  lap  to  the  proper  curvature,  it  is  customary  for 
one  man  to  hold  a  sledge  against  the  projecting  edge  of  the  lap,  while 
another  workman  strikes  the  shell  on  the  inside.  In  this  way  the  lap  is 
bent  down  into  place,  and  after  the  shell  has  been  brought  to  conform  with 
the  'sweep'  or  template,  in  every  part,  it  is  ready  for  riveting.  ...  If  the 
sledging  were  done  while  the  sheet  is  hot,  it  woiild  not  be  so  objectionable, 
but  the  great  majority  of  boiler  makers  will  not  attempt  to  heat  the  plate 
before  sledging  the  lap  down,  because  when  the  sheets  are  hot  they  are  apt 
to  bucMe  out  of  shape,  and  give  great  trouble.  If  the  sheets  are  to  be 
sledged  cold,  the  proper  way  to  do  it  is  to  bend  each  end  to  the  proper  radius 
before  beginning  the  operation  of  rolling.  A  convenient  way  to  do  this  is 
to  lay  the  ends  of  the  sheet  over  the  upper  roU  and  bring  it  down  to  the 
proper  radius  very  gradually. 

Ques.  What  operation  in  boiler  making  results  in 
cracking  a  large  number  of  plates? 

Ans.     Plates  are  frequently  cracked  in  bendiilg  by  hammer. 

Since  numerous  explosions  have  resulted  from  this  cause,  the  greatest 
caution  should  be  exercised  in  the  operation. 

Ques.    How  should  boiler  heads  be  flanged? 

Ans .  They  should  be  flanged  at  a  cherry  red  heat  by  hydraulic 
pressure  or  spun  into  shape,  and  great  care  should  be  exercised 
that  they  are  not  thinned  or  cracked  in  the  heel  of  the  fiange 
during  the  flanging  process. 

Cracks  are  often  discovered  along  flanges  that  have  been  turned  to  too 
short  a  radius.  Careless  flanging  is  apt  to  start  small  cracks  through  the 
skin  of  the  iron,  and  these  frequently  extend  inward  and  eventually  become 
dangerous.  The  incipient  cracks  on  the  inside  of  a  boiler  sometimes 
develop  into  deep  grooves,  the  slight  yielding  of  the  shell,  imder  varying 
pressures,  opening  up  the  interior  of  the  metal  to  the.  corrosive  action  of  the 
water.  , 

Ques.  What  precaution  is  necessary  when  the  flanging 
is  done  in  one  operation  with  dies  ? 
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Ans.  The  greatest  skill  must  be  exercised  to  see  that  the  heel 
of  the  flange  is  burned  to  an  easy  radius  and  has  not  been  drawn 
out  and  thinned  by  clinching  and  drawing  in  the  dies. 

Ques.  What  U  the  proper  temperature  at  which  the 
flange  should  be  turned? 

Ans.     Dull  red  or  orange  yellow. 


and  iScer  being  cut  the 
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Ques.    What  other  precautions  should  be  taken? 

Ans.  Unequal  heating  must  be  guarded  against ,  and  accurate 
allowance  must  be  made  for  shrinkage  by  cooling,  experience 
having  shown  that,  when  cooled,  the  contraction  may  sometimes 
amount  to  considerable,  rendering  the  head  far  from  true. 

Ques.  What  operation  should  be  performed  after  flang- 
ing the  heads? 

Ans.  They  must  always  be  reheated  to  a  uniform  tempera- 
ture in  a  furnace;  when  reheated  they  are  straightened  on  a  face 
plate  while  hot,  then  allowed  to  cool  gradually  so  as  to  perfectly 
anneal  and  equalize  all  molecular  strain. 

The  importance  of  this  operation  is  pointed  out  in  the  Engineering  Maga^ 
sine  as  follows:  ''The  microscope,  in  each  experimental  series,  indicates 
the  same  result,  viz. ,  that  heating  at  high  temperature  causes  a  great  devel- 
opment in  the  size  of  the  crystaUine  grains,  and  that  reheating  to  about 
1,600  degrees  F  restores  the  original  structure,  or  yields  an  even  better  one. 
A  structtiral  steel,  although  good  in  its  normal  rolled  or  forged  condition^ 
may  easily  deteriorate  by  being  heated  to  a  temperature  a  little  above  that 
to  which  steel  is  most  commonly  heated ,  previously  to  being  rolled  or  forged . 
Steel  that  is  made  brittle  by  such  heating ,  or  dangerously  brittle  by  exposure 
to  considerably  higher  temperatures,  can  be  completely  restored  to  the 
best  possible  condition  without  remdting  and  without  forging  down  to  a 
smaller  size.  Practically  all  experimental  results  show  not  only  that  the 
original  good  qualities  of  normally  rolled  steel  can  be  restored  after  the 
material  has  been  made  brittle  by  the  exceedingly  simple  expedient  of  heat- 
ing to  about  1,600  degrees  P.  for  a  very  short  time,  but  also  that  the  steel 
may  even  be  made  better  than  it  was  originally. 

Ques.  Why  is  a  faced  head  necessary,  and  how  should 
the  facing  operation  be  performed  ? 

Ans.  A  faced  edge  is  essential  for  perfect  caulking.  The 
edge  of  the  head  flange  should  be  faced  in  a  boring  mill  instead 
of  leaving  the  rough  edge  untouched  or  unfinished,  as  is  the 
ordinary  jwractice. 

Some  boiler  makers  face  the  edge  of  this  flange  by  hand  with  hammer 
and  chisel,  x)OSsibly  a  slight  improvement,  but  nevertheless  invariably 
resulting  in  a  rough  edge .   Too  many  boiler  shops  lack  these  machine  tools» 
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s  left  on  the  flange  so  that 

Ques.    How  should  the  tube  holes  be  cut  ? 

Alls .    They  should  be  cut  from  the  solid  plate  by  a  tool  having 
two  cutting  edges. 

Ques.    Describe  a  highly  objectionable  yet  common 
method  of  cutting  tube  holes. 

Ans.     The  holes  are  punched  to  nearly  the  finished  size  and 
then  reamed. 


Pig.  4,2ia.— Di 


This  process  is  objectionable,  even  for  small  rivet  holes  because  it  upsets 
the  molecular  arrangeraeat  of  the  metal  with  resulting  damage  to  the  plate. 
Evidently  this  does  not  occur  where  the  holes  are  drilled,  nence,  drilled 
hohs  shoild  be  specified. 

Ques.    What  operation  should  be  performed   on   the 
man  hole  frames  and  man  hole  flat^e  in  the  tube  head?  ' 
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Ans.     They  should  be  flanged  in,  and  the  seat  for  the  gasket 
and  cover  should  be  faced. 

The  man  hole  frames  aad  the  pUtes  should  be  made  of  the  same  materiaJ 
as  the  boiler,  and  the  frame  should  beat  least  liie-inch  thick,  to  insure 
ample  strength  in  order  to  fully  compensate  for  the  material  cut  out  of  the 
sh^.    The  faoge,  when  faced  to  receive  the  gasket,  should  have  width 
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betaasf  a  boiler  is  improperly  Suiltif  cominteted  by  any  other  methoJ^ 
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enough  sathat  a  thin,  wide  gasket  can  be  used  over  and  over  again,  without 
cutting  or  requiring  replacing.  The  finished  edge  should  never  be  less  than 
5i  inch  thick.  If  Uieheadbe  thinner  than  J^inch,  it  should  be  brought  up 
by  shrinking  a  JiXlJ4  inch  band  around  the  flange,  and  then  the  whole 
faced.  If  this  method  be  adopted,  the  finished  edge  in  H-iniix  headia  IJ^i 
inches,  and  ensures  a  smooth,  wide  surface  for  the  gasket.  This  is  greatly 
appreciated  by  the  man  who  has  to  handle  the  man  hole  plate.  Also  by 
ike  man  who  pays  the  bills  for  the  usual  frequent  renewal  of  gadceta 
caused  by  cutting  on  a  too  narrow  seat. 


Fl0.4,2SG^Uti]tl.tubslu>Ie(<rin,    IttakesheBduii  tolIH  feetin  dumeter. 

The  foregoing  operations  completed,  the  shell,  heads  and  butt 
straps  are  now  ready  to  be  assembled.  Having  been  assembled, 
they  should  be  bolted  together  and  placed  before  the  gang  drills. 

Ques.  What  should  be  done  after  the  rivet  holes  have 
been  drlUedP 

Ans,  The  shell  should  be  taken  apart  and  all  burrs  and  pieces 
of  cutting  left  between  the  plates  by  the  drills  should  be  removed. 
The  shells  must  then  be  reassembled,  closely  bolted  and  the 
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plates  pressed  close  together  by  hydraiilic  pressure.    The  rivets 
are  then  driven,  as  shown  in  fig.  4,254. 


Pic.4.2Ge.— HydiBulic  press. 


HOtV  A  BOILER  IS  BUILT  2,431 

Ques.    Describe  the  operation  of  caulking.' 

Ans.  This  should  be  done  outside  and  inside  with  a  round 
nose  tool  so  as  to  avoid  all  danger  of  having  the  plates  crack  or 
split  in  any  way.  A  great  tendency  exists  in  the  "usual  practice 
to  "over  drive,"  which  results  in  splitting  the  edge  of  the  plate. 

The  round  nose  tool  will  not  cut  the  under  plate,  where  square  nose  tools 
are  liable  to.  A  crack  made  by  these  tools,  small  at  iirst,  may  finally  open 
iq>  and  be  very  dangerooE. 


Pig.  4, M7.— Hydraulic  riveting  macliinE  in  Freeman  &  Sodb  Sliop. 

Ques.    How  should  the  tube  be  expanded? 

Ans.     With  a  Dudgeon  (roller)  expander. 
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Ques.  What  precaution  should  be  exercised  in  beading 
tubes?     .  • 

Ans.  Great  care  should  be  taken  that  the  metal  is  not  so 
fatigued  by  the  process  as  to  set  up  cracks  or  badly  weaken  the 
tube  ends. 


Figs.  4 ,258  to  4 .262. — Caulldng  and  heading  tools  and  method  of  use .  Care  must  be  exercised 
when  cauUdhg  the  seams  between  the  outside  rows  of  rivets  when  thin  cover  plates  are  used  in 
triple  and  quadruple  riveted  joints,  particularly  where  the  rivets  are  spaced  with  long  centers. 
There  is  .great  danger  from  the  thin  sheet  springing  up  between  the  nvets  while  the  caulldng 
is  going' on.  Considerable  care  and  skill  must.^  exercised  to  prevent  this  and  at  the  same 
time  produce  a  sound,  perfect  caulked  joint,  ^milar  care  must  also  be  exercised  even  when 
using  heavy  cover  plates,  as  the  danger  from  "springing"  also  exists,  although  perhaps  to 
slighter  extent  than  with  thin  plates. 


NOTE.; — Experiments  clearly  demonstrate  that  the  operation  of  beading  the  tubes 
greatly  increases  their  holding  power.  ^  The  Hartford  Boiler  Insurance  Co.  say,  in  this  connec- 
tion, in  a.\report  on  an  explosion:  "This  explosion  serves  to  emphasize  the  importance  of  bead- 
ing or  flaring  the  tube  ends  of  boilers,  for  if  the  tube  in  this  boiler  had  been  flared'  or  beaded 
it  IS  not  likely  that  the  explosion  would  have  occurred  without  signs  of  distress  first  making 
themselves  visible." 


A,S.M^,,BoilerCode.— Selection  of  Materials. 

1.  Specifications  are  given  in  these  Rules  for  the  important  materials  used  in  the  construc- 
tion of  boilers^  and  where  given,  the  materials  shall  conform  thereto. 

2.  Steel  plates  for  any  part  of  a  boiler  when  exposed  to  the  Are  or  products  of  combustion, 
and  tmder  pressure,  shaU  be  of  firebox  quality  as  designated  in  the  Specifications  for  Boiler 
Plate  Steel. 

3.  Steel  plates  for  any  part  of  a  boiler,  where  fire  box  quality  is  not  spNecified,  when  under 
pressure,  shall  be  of  fire  box  or  flange  qiiality  as  designated  in  the  Specifications  for  Boiler 
Hate  Steel. 

4.  Braces  when  welded,  shall  be  of  wrought-iron  of  the  quality  designated  in  the  Specifica- 
tions for  Refined  Wrought  Iron  Bars. 

5.  Manhole  and  handhole  covers  and  other  parts  subjected  to  pressure  and  braces  and 
lugs,  when  made  of  steel  plate,  shall  be  of  fixs  box  or  flange  quality  as  designated  in  the  Specifi- 
cations for  Boiler  Plate  Steel. 
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^  Wickea  boiler  shop  ahow 


ASMS.  BollBr  Co^^SOaUim  c^  Ualtrlais — coHlmmd. 


RivcU  ihalt  be  of  st«cl  or  iron  of  the  quality  daignsted  in  tbe  Specifiutioni  for  Btnlcr 
it«I  or  in  the  Ep«ificatioiu  for  Boiler  Rivet  Iron. 

Ctoh  pipes  coTirteeting  Che  BteAm  uid  water  dnros  of  water  tubs  boileri,  haadcTS  and 
oxa  and  all  pressure  parts  of  the  boiler  proper  over  2^ach  pipe  elie,  or  eqnrralBnt 
ihstl  be  of  wrought  steel,  or  cast  steel  of  Class  B  gnde,  as  dengnstad  la 
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A.S»M,B,  Boiler  Code, — Sdeetiou  of  Materials — contintud, 

the  Specifications  for  Steel  Castizigs,  when  the  maTitniim  allowable  working  pressure  exceeds 
160  pounds  per  square  inch. 

10.  Mud  drums  of  bcnlers  used  for  other  than  heating  purposes  shall  be  of  wrought  steel, 
or  cast  steel  of  Class  B  grade,  ai^^esignated  in  the  Specifications  for  Steel  Castings. 

11.  Pressure  parts  of  superheaters,  separately  fired  or  attached  to  stationary  boilers, 
tinless  of  the  locomotive  type,  shall  be  of  wrought  steel,  or  cast  steel  of  Class  B  grade,  as  desig- 
nated in  the  Specifications  for  Steel  Castings. 


L 
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CHAPTER  73 


FURNACES 


The  term  ftirnace  may  be  defined  as  that  part  of  the  boiler 
designed  for  burning  the  fuel.  There  are  two  general  classes  of 
furnace: 


SUPPLEMENTARY 
COMBUSTION  CHAMBER 

REAR  SUPPORT 


FIRL-BOX 
(MAIN  COMBUSTION 
CHAMBER) 


^ 


DEAD 
PLATE 


GRAT^..    5HELF 
ASH  PIT 


Fig.  4.264. — ^Horizontal  tubular  boiler,  showinlg  details  of  oxternally  fired  furnace. 


1.  Internally  fired, 
.    2.  Externally  fired, 

according  as  the  furnace  is  located  inside  the  boiler,  that  is, 
'  surrounded  by  heating  surface,  or,  outside  or  apart  from  the  boiler 
proper. 


■Uii 
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2.  The  grate. 

Composed  of  alternate  bars  and,  spaces  to  support  the  fuel  and  admit  the 
air  necessary  for  combustion. 

3.  The  front  support;  dead  plate. 

This  consists  of  the  bottom  of  the  door  frame  which  extends  back  a  little 
way  and  drops  down,  forming  a  shelf  for  the  support  of  the  front  ends 
of  the  grate  bars.  In  some  cases  door  frame  extends  back  some  distance, 
forming  the  dead  plate,  upon  which  bituminous  coal  may  be  piled  when  first 
fired  so  as  to  assume  the  character  of  coke  before  it  is  thrust  back  into  the 
fire;  thus  providing  for  the  gradual  distillation  and  combustion  of  its  gases. 

DEAD 
PLATE 


GRATE  BARS' 

END  support- 
Pig.  4,268. — ^Detail  of  dead  plate  and  grate  bar. 


Pig  .  4 .269  .—Fish  bone  type  of  grate  bar.    The  illustration  shows  two  of  these  bars  side  by  side . 

4.  The  rear  support;  bridge  wall. 

At  the  rear  ends  of  the  grate  bars  is  a  barrier  of  fire  brick  or  equivalent, 
having  a  shelf  attached  to  it  to  support  the  rear  ends  of  the  grat6  bars  and 
built  up  several  inches  above  the  grate  bars  to  prevent  the  fuel  being  carried 
past  the  grate  in  firing  or  by  the  draught,  and  to  quicken  the  draught  by 
contracting  the  section  through  which  the  gases  flow .  Sometimes  the  bridge 
wall  or  bridge  consists  of  a  casting  extending  across  the  back  of  the  furnace 
and  supported  by  attachment  at  the  sides.  This  supports  the  back  ends  of 
the  grate  bars,  as  already  referred  to,  and  also  a  wall  of  fire  brick. 

5.  Supplementary  combustion  chamber. 


In  some  boilers  there  is  at  some  intermediate  point  in  _  _ 
the  grate  and  chimney,  an  enlargement  or  chamber,  the  purpose  of  which 
is  to  assist  combustion;  that  is,  the  portion  of  the  gases  not  completely 
bumed  in  the  fire  box  or  main  combustion  chamber,  passes  into  the  supple' 
mentaiy  combustion  chamber  where  combustion  is  completed,  otherwise, 
if  the  ignited  gases  passed  direct  to  the  comparatively  cold  heating  surface, 
thejr  would  in  some  cases  be  cooled  below  the  ignition  temperature  and 
extmguished,  resulting  in  a  loss.  The  supplementary  combustion  chamber 
is  generally  and  erroneously  called  the  combusiioM  chamber,  as  though  it 
were  the  principal  place  where  combustion  takes  place ,  It  should  be  under- 
stood that  it  is  simply  an  additional  space  or  adjunct  to  the  fire  box  or 
main  combustion  chamber. 


ceptacle  for  the  ashes  and  a  passagu 

The  Fire  Box. — The  size  of  the  fire  box  will  depend  on  the 
quality  ot  the  fuel  and  quantity  bumed  per  hour.  Usually  the 
fire  box  is  too  small,  and  where  there  is  no  supplementary  com- 
bustion chamber,  it  should  be  of  very  liberal  dimensions. 

For  anthracite  furnaces,  the  volume  of  the  fire  box  can  run  nearly 
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form  regardless  of  the  source  of  the  coal ,  since  all  anthracites  have  reason- 
ably near  the  same  characteristics,  however,  for  bituminous  coals,  the  size 
must  vary  with  the  amount  of  volatile  matter  and  ash,  as  well  as  with  the 
rate  of  combustion. 


In  the  externally  fired  tmes,  the  sides  consist  1,  of  fire  brick  forming  a 
I>art  of  the  brick  "setting,  as  in  stationary  boilers,  or  2,  of  sheet  iron 
lined  with  asbestos  board  and  numerous  water  tubes  or  pipes,  as  in  marine 
types  of  water  tube  boiler. 

The  Grate, — This  is  made  up  of  numerous  so  called  gratelaars. 


L  sections  for  SO  to  60 
is  !i  inch. 

These  serve  the  double  purpose  of  holding  the  fuel  while  it  bums 
and  of  admitting  sufficient  air  so  that  it  can  bum. 

Evidently  to  secure  satisfactory  combustion  the  grate  bars 
must  be  suited  to  the  fuel  used,  that  is,  the  air  spaces,  must  not 
be  so  large  as  to  allow  the  fuel  to  fall  through  to  the  ash  pan, 
and  there  must  be  sufficient  extent  of  air  space  to  admit  the  nec- 
essary amount  of  air  to  the  fuel. 


The  great  variety  of  fuels  used  gives  rise  to  numerous  types 
of  grates  and  grate  bars. 

According  to  the  method  of  handling  the  fuel  grates  may  be 


1.  Stationary. 

2.  Shaking. 

4.  Dumping. 

5.  Combined  shaking  and  dumping. 


Pro.  4.272.— Heninff  booe  grate  at  Tupper  gralo  far  vertical  boileia.  30  to  60  inch.    Grato 
dumeteis  23  to  S2  mcha,  4  to  8  mcUoib. 

6.  Revolving. 

There  are  also  a  multiplicity  of  grate  bar  types,  the  standard 
forms  are  known  as: 
1.  Ordinary  or  straight. 


FURNACES 


2,441 


of  bar  is  that  it  is  more  liable  to  warp  than  the  other  types  and  gives  less 
air  space. 

2.  Tupper  or  herring  bone. 

It  is  used  fur  both  coal  and  saw  dust,  and  is  considered  the  best  all  around 
grate  bar.  Its  shape,  as  shown  in  fig.  4,279,  gives  it  stifEness,  thus  reducing 
the  tendency  to  warp. 


pppjl 


I 


Figs.  4^73  to  4^76. — One  and  two  finger  plain  straight  grate  bars. 


3.  Sheffield  or  oblique. 

In  this  bar  alternate  transverse 
metal  strips  and  air  spaces  run 
diagonally  across,  as  shown  in  fig. 
4,067;  it  is  a  modification  of  the 
tupper  or  herring  bone  bar. 

4.  Saw  dust. 

tor  burning  saw  dust  or  the  finest 
sizes  of  anthracite  known  as   rice 


Fio.  4,276. — Section  through  two  finger  straight  bar,  showing  proportions.  The  bars  should 
not  be  more  than  three  feet  long  and  should  be  thiner  at  the  bottom  than  at  the  top.  To 
maintain  constant  air  spaces  even  after  the  top  surfaces  have  worn  down,  the  fingers  are 
made  the  same  thickness  for  about  1  inch  from  the  top,  being  tapered  from  that  point  to 
the  bottom  of  the  bars,  one  about  3  inches  deep  in  the  middle,  depending  on  the  length  and 
width,  and  hare  distance  pieces  at  the  center  as  at  the  ends  to  prevent  twisting.  The 
illustration  shows  ^-inch  air  spaces.  The  size  of  the  spaces  and  width  of  bar  will  depend 
on  the  kind  of  fuel  used,  varymg  for  coal  for  ^  to  1  mch,  depending  on  the  size  of  the 
lumps. 
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coal,  flat  or  raised  plates,  aa  shown  in  fig.  4,282,  are  used,  having  tapering 
holes  about  J^  inch  in  diameter  at  the  upper  surface.  As  usually  constructed 
an  air  space  ia  obtained  equal  to  about  25  per  cent.  o£  the  grate  area.  A 
larger  space  would  be  desirable,  but  it  is  difficult  to  get  vritbout  allowine  the 
fuel  to  faU  through.  ^ 


The  various  grate  bars  just  described  are  constructed  of  cast 
ron  which  is  the  best  material  for  bars.    The  ribs  or  fingers  are 


u  with  taper  ends:  ^374,279,  TupHrorheninsbone 
btuse or diMonal  bar;  fiE.4,2Sl,  Mahoney  corragsMid 
'orated  bar  lor  refuse  bunwrs  in  saw  and  planing  mills. 
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of  tapered  cross  section,  giving  a  wider  opening  between  the  bars 
at  the  lower  end,  for  free  flow  of  air  and  cooling.  Distance 
lugs  a^-e  cast  on  the  sides  of  the  bars  to  maintain  proper  spacing . 

Ques.    How  much  air  space  is  provided  ? 

Ans.  The  total  area  of  the  air  spaces  is  usually  made  from 
30  to  50  per  cent,  of  the  grate  area. 


4,283  Kelly  hettins  bona  i 


yOTE.— Oni(«.  It  is  difficult  to  Mlect  a  gnite  that  will  be  eiactly  .uitably  for  all 
thfl  different  giadei  of  coal  likely  ta  be  uied  in  a  plant.  The  kind  and  quality  of  coal  doea  not 
uaually  ebaoge  KTeatly  in  any  particular  plant  except  Muder  abnormal  conditions.  Fine  coal 
low  in  aah.  RQuirea  narrov  openings,  and  fine  coal  high  in  ash,  wider  openings;  coane  coal 
low  in  ash  aljo  colli  for  wider  openings.  By  adopting  suitable  widths  of  openings  for  different 
coalithe  files  may  be  kept  in  pood  condition  with  the  least  amount  of  work  and  attention ,  Air 
"..  -X — ^  ^e  -j^  ^p^^^  ordinaiily  ia  not  of  as  much  importance  as  the  size  of  tlu 

■-- -eia  usually  rather  low  in  arates  deaigned  for  ' ■- 

"'■ '—  -  ""'S  itronser -- 


The  percent 
.    TBopetci 


;  or  mulleet  til 

the  percentage  of  aii 


if  the  savit 


ly  b*  lei*  than  for  the  cc 
of  coal,  especially  whez 


llZfs'tiS' 
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X  highly 
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Ques.    What  is  understood  by  the  term  ^ate  area  ? 

Ans.  The  amount  of  surface  (expressed  in  square  feet)  pre- 
sented by  the  grate  bars  upon  which  the  coal  may  be  piled. 

This  means  not  only  the  area  of  the  metal  but  that  of  the  air  spaces  as  well. 

Ques.    How  wide  are  the  air  spaces? 

Ans.  For  fine  sizes  of  anthracite  the  spaces  are  as  narrow  as 
^  inch,  and  for  different  grades  of  coal  vary  in  width  up  to  1 
inch  wide 

Ques.    How  long  should  bars  be  made? 

Ans .    Not  longer  than  three  feet . 

Ques.  What  important  precaution  should  be  taken  in 
setting  grate  bars? 

Ans,    Ample  space  should  be  provided  for  expansion. 

Cast  iron  exposed  to  continued  heat  becomes  permanently  expanded  1 J^ 
to  3  per  cent,  of  its  length,  hence  grate  bars  should  be  allowed  about  4  per 
cent,  play  ior  expansion. 

Ques.  Mention  a  peculiar  shape  sometimes  given  to 
the  top  of  grate  bars,  and  why  ? 

Ans.  Cast  iron  bars  often  have  a  shallow  groove  running 
along  the  top.  This  fills  with  ashes  and  tends  to  prevent  clinker 
adhering  to  the  bar;  it  also  acts  as  a  coating  to  protect  the  bar 
from  the  intense  heat  of  the  incandescent  coals. 

Ques.    What  may  be  said  of  wrought  iron  bars? 

Ans.  They  are  used  in  locomotive  and  marine  boilers,  when 
they  are  subjected  to  hard  usage.  Although  the  fusing  point  of 
wrought  iron  is  higher  than  that  of  cast  iron,  wrought  iron  bars 
bend  and  twist  more  than  cast  bars.  Figs.  4,285  to  4,288  show 
some  types  of  wrought  iron  bar. 


There  are,  as  in  the  case  of  cast  bars,  numerous  types  of  wrought  ircal 
bars .  Some  boilers  are  fitted  with  wrought  bars  of  square  section ,  while 
in  other  bars  of  round  section,  or  built  up  construction  are  used  as  shown 
in  the  accompanying  cuts. 

Rocking  or  Shaking  Grates. — In  order  to  reduce  the  labor 
of  breaking  up  clinkers,  various  forms  of  rocking  grate  have  been 
devised.  This  form  of  grate  moreover,  avoids  the  necessity  of 
frequently  opening  the  fire  dooirs  to  slice  the  fire,  which  results 
in  the  admission  of  cold  air  that  not  only  chills  the  boiler  and 


r 


♦  ♦ 


:d  wrrnch.  Pig,  4.285  plain  bar  made  of 
1  back  end  forth  to  shake  the  lire  b>  mean! 
parallel  positions^  %.  4,287,  for  large  air 


rr  bolted  b9  ghowa. 


furnace,  reducing  economy,  but  which  is  injurious  to  the  fire 
brick  lining,  causing  it  to  chip  off  freely. 

In  locomotives  rocking  grates  are  necessary  because  of  the 
high  rate  of  combustion  and  consequent  necessity  of  keeping 
the  fire  in  good  condition. 


The  simplest  form  of  rocking  grate  is  composed  of  plain  bars 
of  square  section  as  shown  in  fig.  4,286,  by  means  of  a  T  wrench 
each  bar  may  be  turned  back  and  forth. 

Fig,  4,289  shows  a  typical  form  o£  rocking  grate.    Each  bar  is  pivoted 
at  the  sides  and  has  an  arm  extending  down  and  pivoted  to  a  horizontal 


;s.  4,Z8S  and  4.ZW.— Manhattan  TockinsBnts  and  detail  < 
iection  ot  bar  has  an  ann  projectinH  downward  and  pivot* 
um  is  connccled  to  the  vertical  shalciiK  lever  seen  at  the  left 
Lnd  forth  csnses  the  grate  ban  lo  "shake"  or  TOek  through  a 
□  faU  through  to  the  ash  pit. 


When  this  lever  is  moved  back  and  forth  by  the  shaking  bar  outside  of 
the  brickwork,  the  grate  bars  rotate  through  a  small  angle,  thus  clearing 
the  bottom  of  the  fuel  bed. 


Shaking    and    Dumping    Grat«s. — Some    grates    are    so 

arranged  that  in  addition  to  shaking, the  fuel  may  be  dumped. 
Such  grates  are  particularly  tiseful  on  heating  boilers  where. 


because  of  intermittent  operation  or  lack  of  attention,  the  fire 
frequently  is  extinguished,  making  it  necessary  to  dump  the  fuel. 

Fig.  4,297  shows  a  grate  of  this  type.  The  bars  may  be  shaken 
vigorously  or  gently  as  may  be  desirable,  according  to  the  condition  of  the 
fire,  having  a  motion  of  4  inches  up  and  down  without  opening  the  spaces 
between  the  bars  any  further  than  when  the  grate  is  locked  level,  no  unbumt 
fuel  can  drop  throi^  it. 


Lg  grate.    This  EiHte  u  si 
when  provision  a 


The  filing  movement  of  the  bars,  owing  to  the  fact  that  they  set  in  the 
frame  eccentrically,  cuts  the  ashes  entirely  off  the  bottom  of  the  fire, 
making  it  possible  to  maintain  the  free  circulation  of  air  through  the  fire. 

When  it  is  dearable  to  dump  the  residue  of  the  fire,  the  shaking  lever 
is  pressed  downward  lutil  the  bars  are  thrown  to  such  an  angle  that  the 
entire  contents  of  the  fire  box  drop  through  between  the  openmgs,  which 
are  then  about  4  inches  wide,  into  the  ash  pit.  These  grates  are  installed 
in  1,  2  or  4  sections,  according  to  the  size  of  the  fire  b(»i. 
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Smoke  Preventing  Devices. — Where  smoke  exists,  the  con- 
ditions of  the  furnace  are  such  as  to  give  incomplete  combustion, 
hence  smoke  indicates  waste  ofjuel. 

To  avoid  the  production  of  smoke  the  temperature  of  the  gases 
must  be  kept  above  the  ignition  point  until  after  the  union  of 
carbon  and  hydrogen  with  oxygen  is  complete.  This  requires 
a  proper  amount  of  air  supply,  sufficient  room  and  time  for  the 
chemical   operation   to   be   performed,   and  also  provision   to 


Fics.  4.2S3  and  4^M.— DifTeicnce  betneen  tacking  and  Komhliad  toching  and  dnmfift 

fi^.  4,293  the  bars  are  T  shape.  Position  M,  of  the  control  lever  cortesponda  to  the  toriiontal 
or  normal  position  of  the  baia.  Ta  rack  or  ihake  thegrate,  the  control  lever  is  moved  to 
[wsition  S  and  b^ckan  equal  distance  on  the  other  side  of  the  normal  position.    The  poB- 

moin  openingr  lar^  cnaugh  to  pasa  ashes  and  small  or  crushed  clinken.  In  fig.  4,204  the 
baiB  are  Lahape  and  inverted:  L  ia  normal  position;  A.  end  o£  shaking  movement;  and  F,  end 
■of  dumping  movement.  The  nmximuni  opening  for  shaldng  and  dumping  being  equal  to  R 
And  R.^  respectively. 
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1 1  prevent     the     gases     being 

|l  chilled  during  the  process, 

■%'z  as  by  coming  into  contact 

|m  with    the    relatively    cold 

Ij  heating     surface     of    the 

.|l  boiler. 

j(l  Numerous  arrangements 

bJ  have  been  devised  for  pre- 

•S I  venting  smoke  such  as: 

II  1.     Large      combustion 

^■^  cham,ber. 

^1  2.    Supplementarv  com- 

|j-  bustion  chamber. 

II  3.  Baffle  plates. 

I*  4.  Brick  checker  work. 

|a  6.     Supplementary    air 

ll  supply. 

i^  6.  Dutch  oven. 

fa  7.  Down    draught    fur- 

|l  nace. 

■go  The  effect  of  large  ctan- 

^1  bustion  chambers  and  of 

-1-3  supplementary  combustion 

II  chambers  has  already  been 

I  _  explained,    both    tend    to 

I J  improve  the  combustion. 

||  Baffles    Plates.— Most 

"Sf  water   tube    boilers    have 

gg  over    the  furnace,   a  roof 

T  B  built  up  of  sectional  tubing 

g"^  extending  from  the  front 


header  to  a  trifle  beyond  the  bridge  wall.  The  object  of  this  tile 
roof  is  1 ,  to  protect  the  hot  gases  irom  immediate  contact  with 
the  comparatively  cold  tubes,  thiis  securing  better  combustion 


{  and  <funpJN£  grale.    Air  space  (or  any  « 


1,308  snd  4.296. — Casey-Hedges  horuonul  water  tube  boilen.  lUuscratinB  l.borli 
4,39S)  and  2,  vertii^  (fi;.  *'2&9)  bafBes.     The  homontil  baffles  are  snsnged  fi^  .... 
S3,  being  adjustable  to  suit  draught  conditioaB.     The  lower  row  of  tubes  is  completely 


m  the  botlom. 
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and  2,  to  protect  the  tubes  from  the  intense  heat  directly  over 
the  furnace.  With  this  arrangement  almost  smokeless  operation 
is  obtained  with  little  or  no  excess  of  air. 

Figs.  4,298  and  4,299  show  the  tiling  in  detail  and  fig.  4,300,  location  of 
same  on  boiler.  The  equivalent  of  this  is  sometimes  provided  in  tubular 
boiler  settings  in  the  form  of  an  arched  wall  over  the  furnace  as  shown  in 
&S^.  4.304  to  4,307. 

Fig.  4.300. — Casey-Hedaes 
borizonUl  viter  tube 
boiler  with  combbiation 
horizontal  and  vertical 
baffles.  When  this  meth- 
od of  baffling  bused,  the 

off  at  the  bottom  or  back 
end.  It  will  be  noted 
that  the  boiler  baa  a 
"Dutch  oven"  effect  due 
to  the  fsct  that  the  baffie 
tile  BuiToundinE  the  lower 

candescent  reverberatory 
top  for  the  furnace. 


Brick  Checker  Work. — The  object  of  any  arrangement  of 
this  sort  is  to  act  as  a  heat  reservoir  so  that  combustion  will 
take  place  within  a  highly  heated  passages,  and  to  thoroughly 
mix  the  air  with  the  combustible  gases.    An  example  of  checker 

NOTE.—When  hariioDUl  baffles  are  used,  the  tube  section  it  split  up  in  two  banks,  and 
the  baffling  arranged  to  that  the  Bases  circulate  thi 

tubes.    Boilers  of  the  hofisontal  baffle  type  are  p 

through  which  the  loot  and  ashes  may  be  blown „ _  

vertical  bafBe  type,  there  is  provided  the  necessary  vertical  baffles,  of  the  very  beat  grade  of 
firetile.  These  bafRea  are  held  in  place  with  heavy  cast  iron  bacWing-up  plates.  Thereiialao 
provided  a  lintel  plate  for  carrying  wall  above  rear  baffle .  and  aide  dustmg  doors  for  blowing 
the  soot  and  ashes  from  the  tubes.  In  the  vertical  baffle  type  boiler,  the  tubes  are  inclined  one 
inch  to  the  foot,  the  "team  dram  setting  horimntally.    The  vertical  baffle  type  ot  boiler  can 


ne  boilers.  The  baf^s  are  go  arranged  that  they  can  bead  justed 
The  tubes  are  divided  into  two  bsTHa,  an  upper  sod  lower  bank. 
1  two  inches  to  the  foot.  The  lower  bank  of  the  tubes  being  the 
circulation  ia  most  rapid,  therefore .  the  neceaaityoj  the  increased 
T  of  Cubes  and  dmm  are  inclined  one  inch  to  the  foot.    The  boiler 

ansion  plates  and  rollers.  Thia  construction  permits  the  boiler  to 
ny  direction  without  interfering  with  the  brick  work.  A  super- 
:he  space  between  the  upper  and  lower  bank  of  tubes. 


work  is  shown  in  figs.  4,092  and  4,093,  showing  an  oil  burning 
furnace  as  suggested  by  the  designers  of  the  Sterling  boiler. 

Supplementary  Air  Supply. — Perfect  combustion  requires 

a  certain  amotint  of  air,  all  of  which  may  be  admitted  through 
the  grate,  or  part  delivered  at  some  point  beyond  the  grate,  the 
objec?t  of  this  supplementary  air  supply  is  to  secure  a  thorou^ 
mixture  of  preheated  air  and  gases. 

Ques.    What  is  the  advantage  of  preheating  the  air? 
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4,302. — Checker  work  baSBei  as  applied  U 


Ans.     The  affinity  of  heated  air  for  carbon  being  much  greater 
than  that  of  cold  air,  it  raises  the  intensity  of  combiistion. 

When  heated  air  is  employed,  it  is  deprived  of  its  oxygen  within  a  very 
short  travel,  the  combustion  is  thereby  more  concentrated  and  localized  at 
the  focus  where  the  heat  has  to  be  applied  and  to  do  its  work.  This  is 
favorable  to  economy  of  fuel,  because  combustion  and  high  temperature 
beyond  the  point  where  heat  has  to  be  applied  are  useless. 

Figs.  4,308  to  4,310  show  various  arrangements  for  introducing  supple- 
mentary air  supply  by  means  of  perforated  bridge  walls. 

Dutch  Oven  Furnace.— This  consists  of  a  boxlike  extension 

to  the  boiler  setting  proper.  The  grate  is  entirely  surrounded  by 
fire  brick  except  the  exit  side  to  boiler  heating  surface.  There 
is  a  fire  brick  arch  or  tile  above  the  grate  and  since  this  and  the 


Butomatically  the  proper 


,—     -—     -       --    -    ^     -  „-.    -  -       itically  the 

f  heated  wt  to  m  ■      '         '  •  ■'  

chug        GTBen  cos       th    fit 
andbumed.  thus  securing  peitect  combuslicn  ai 
alifge  passaReimy  is  construcled  under  the  fur 
it  to  the  fire  bos,  the  aupp]/  being  controlled  b; 
is  Actuated  by  the  opening  and  closing  of  the  til 

andsHses  becoma  tharoughly  miiud.    Beneath  this  pocket  and  inlieating  relation  therel 
is  located  a  Urge  -■-  -'- — "—   ~' '-"'-  "■-  -' ' •■-- '  "- 


that 


When 


from  the  t 


,efun 


downward  and  to  the  rear  over  the  fuel  bed.' thoroughly  intermiiiinE  the  hot  air  and  the 
at  some  suiUble  point  ta  a  tank  A.  containing  petroleum  or  other  hydrocarbon  and  con- 
this  tank  to  the  lowerTnd  of^a  sflht  E'^  device  D.  from  the  upper  end  of  which  a  pi^ 


:  cylin 


:rH.    This 


lower  end  of  the  pipe  ^is  a  pipe  J,  which  is  embedded  on  one  of  the  walla  of  ^e  furnace 
and  forms  a  retort  alongside  of  the  fire  boi ,  being  coiled  back  and  forth  on  itself,  as  shown 
at  K.    Leading  from  t!iis  coil,  a  pipe  eslenda  crosswise  within  the  brick  work  above  the 


to  the  pipe  P.  the  hack  pressure  of  the  fluid  in 
cvlinder  H,  opens  the  va^ve  and  admits  oil  to  t 
tiinugh  this  pipe  and  through  the  i 

IS  previousi)'  dr 


U^-l   If 


other  fire  brick  present  in 
tensely  hot  surfaces  for  the 
burning  gases  to  strike  against 
as  they  rise  from  the  fuel  bed, 
hence  the  combusfjon  is  im- 
proved. 

Fig.  4,103  shows  the  general 
arrangement  of  a  Dutch  oven 
furnace. 

Ques.  For  what  kinds  of 
fuel  is  the  Dutch  oven  fur- 
nace well  adapted? 


Alls.  For  refuse  fuels  such  as  sawdust,  hoggings,  spent  tan, 
bagasse,  rubber  gayule,  and  refuse  from  the  various  kinds  of 
wood  extract  plants. 

The  intense  heat 
generated  in  the 
furnace  conserves 
the  lowest  grades 
of  fuels  and  refuse 
which  are  impossi- 
ble to  bum  m  an 
ordinary  furnace. 

Ques.  State 
some  objections 
to  the  Dutch 
oven  funuv%. 

Ans.  The  ad- 
ditional room  re- 
quired for  the 
setting,  and  the 
more  intense  heat 
to  which  the  fire 
brick  are  sub- 
jected. 

Down  Draught 
Furnace.  —  In 

i  this  furnace  there 

1  are    two    grates, 
•                                                                       g  one  above  the 

S  other  as  shown  on 
i  fig.  4,313.  The 
9  lower  grate  con- 
«  sists  of  the  ordin- 

2  ary  iron  grate 
i  bars,    while    the 
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Upper  grate  is  composed  of  wrought  pipes  connected  to  two 
headers,  with  proper  connections  to  water  space  in  the  boiler  for 
free  circulation  of  water  through  the  tubes,  thiis  protecting  them 
from  the  intense  heat. 

In  operation  fresh  coal  is  fed  to  the  upper  grate,  and  as  it 
becomes  partially  consumed  falls  through  to  the  grate  below 
where  the  combustion  is  completed. 


1,  Uieuce  to  atodc.  'The 


Ques.    Explain  the  draught. 

Ans.  The  draught  is  upward  through  the  lower  grate  as  in  an 
ordinary  installation,  and  downward  through  the  upper  grate 
because  the  passage  to  the  chimney  is  from  the  space  between  the 

grates. 


Ques.    Explain  the  combustion. 

Ans.  The  volatile  gases  are  carried  down  through  the  bed 
of  fuel  on  the  upper  grate  and  are  burned  in  the  space  below  where 
they  meet  the  hot  air  drawn  upward  from  the  lower  grate.  A 
large  proportion  of  the  air  for  combustion  enters  the  upper  grate 
door. 


Ques.    What  size  of  rear  drum  should  be  used  for  the 
down  draught  Arate,  and  why? 


Fig.  4311- — Down  dntuglit  water  grate  ai  used  with  Hairle)'  down  draught  luinace. 

Ans.  One  large  enough  to  insert  a  man  hole  in  the  head  to 
permit  examination  of  the  pipes. 

By  attaching  a  stick  to  a.  candle  and  passing  it  through  the  pipe  opening 
in  the  small  drum,  a  man  in  the  large  drum  can  ascertain  the  condition  of 
each  pipe. 

Ash  Pit.— The  depth  of  the  ash  pit  is  limited  by  the  height 
of  the  grate  above  the  floor  at  which  the  firing  can  be  conveniently 
done.    This  height  should  not  be  more  than  about  20  inches. 
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Doors  are  put  on  ash  pits  (except  on  air  tight  ash  pits  for  forced 
draught),  because  of  the  mistaken  idea  that  it  is  the  proper 
device  for  regulating  the  draught.  The  door  has  an  impossible 
duty  to  perform,  if  it  be  closed,  especially  when  cleaning  the 
fire  the  grate  becomes  overheated  and  rapidly  deteriorates. 

Ques.  How  is  the  best  way  to  induce  a  fireman  to  regu- 
late the  draught  by  the  damper  in  the  stack  and  not  by 
the  ash  pit  doors? 

Ans.    Remove  the  ash  pit  doors. 

Ques.    How  should  the  ash  pit  be  constructed  ? 

Ans.  It  should  be  arranged  to  hold  a  pool  of  water  several 
inches  deep. 

Water  should  always  be  kept  in  the  ash  pit  in  order  that  the  vapor  arising 
from  same  will  protect  the  grate  bars  from  becoming  overheated,  and  not 
because  of  the  general  opinion  which  prevails  that  this  vapor  assists  com- 
bustion. 


L 
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The  subject  of  smokeless  combustion  is  one  of  increasing 
importance,  not  alone  for  the  reason  of  cleanliness  in  cities  and 
residence  districts,  but  principally  because  smoke  represents 
waste  due  to  incomplete  combustion,  and  with  the  constantly 
increasing  cost  of  fuel  and  wages,  any  device  whose  use  will 
result  in  a  saving,  upkeep  and  operating  expenses  considered, 
must  be  adopted. 

Evidently,  with  intermittent  hand  firing,  the  combustion  is 
neither  uniform  nor  perfect  at  all  times  because  of  the  frequent 
opening  of  the  doors  allowing  a  large  excess  of  air  to  enter  which 
chills  the  flame,  and  the  dumping  of  a  quantity  of  fuel  at  each 
firing,  resulting  in  smoke  periods  until  normal  combustion  con- 
ditions are  restored.  To  avoid  these  losses,  mechanical  stokers 
are  designed: 

1 .  To  maintain  a  constant  feed  of  the  fuel  without  opening  the 
doors. 

2.  To  automatically  dean  the  grate  of  ashes  and  clinker 
and  to  effect  the  ftill  saving  possible,  automatic  auxiliary  appa- 
ratus is  provided  to  handle  the  coal  and  ashes,  and  to  reclaim  any 
good  tuel  or  sif tings  deposited  in  the  ash  pit. 

There  are  a  multiplicity  of  stokers  on  the  market,  and  they 
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Figs.  4^15snd4^ia.— Mechaniamof  the  Willdnsaoffoat-over feed  stoker,  /n oiHratiOn, coal 
ot  a  slack  or  crushed  form  having  been  placed  in  the  hopper,  passes  under  the  drop  plate  (hejght 

theBratcsbfEin;  to  ignite  and  coke  at  A.  reaches  B  higher  zone  of  combustionaCN ,  and  at 
C.  is  practicalh'  at  a  white  heat  when  a  heavy  load  is  Being  carried.  The  partly  burned  out 
ashes  land  at  D,  where  they  eive  off  all  their  heat,  finally  tumbling  over  on  the  ash  slides  at 
E,  whence  they  are  easily  removed  by  pulling  out  the  ash  slides.  The  Brsle  bar.  a  small 
section  of  which  is  given,  weighs  from  160  to  210  pounds,  according  to  the  sin  atoker,  and 
length  of  these  bars  is  proportioned  to  the  grate  surface  required .  Tma  stoker  will  bum  slack, 
buckwheat  and  pcaanthrac.te  coals,  armiiturea  of  same  will  also  burn  successfully  bituminous 
coals  of  H  slack  or  crushed  form.  Tests  were  made  by  the  manufacturer  to  determine  tha 
relative  advantage  of  steam  jet.  and  blower.  The  trials  were  made  with  the  use  of  the 
ateamjetsfirst,  and  neit  by  the  use  of  a  blower  driven  by  an  engine,  and  using  the  same 

near  as  it  was  possible  to  produce  them ,  The  teat  using  the  5t™m  jet  showed  an  evaporation 
of  10,15  pounda  of  water  per  pound  of  coal  burned  on  the  grate.  The  test  with  the  blower 
showed  an  evaporation  of  8.22  pounds  of  water  for  every  pound  of  coal  humed  on  the  grate. 

obtdined  running  the  boiler  S7  per  cent,  above  its  rating.  The  Bteam  jeU  protect  the  grate 
bars  from  the  intense  heat  of  the  tire. 

KOTE.— "By  iooreasing  the  capacity  of  a  ] 
oth«  methods  of  firing,  the  stoker  vinuafly  add 


maelves.    Where  land  is  costly,  the  saving  in 
the  difference  in  cost  of  the  stokers,  leaving 


-— -.^ ,..lant  than  the  » 
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Fig.  i,317. — Morpby  wde-ovctfeed  Etolrar.  At  eithersidc  of  the  furnace,  ettending  tram  front 
to  rear,  is  a  coal  magaiiiw  of  ample  aiw.  into  which  the  cdal  niair  be  introduced,  either 
mechanically  or  by  hand .  At  the  bottom  of  this  magazine  is  the  coking  pUte.  ^Kainst  which 
the  intlinedgiatesrest  at  their  upper  ends.  The  stoker  bones  (shown  on  page  2,4M)  opeiated 
Iw  Kgownt  ge»n  and  niclffi,  are  moved  forward  and  back  upon  this  coking  plate,  and  push 
the  coal  throuBh  the  throat  opening  onto  the  grates.  The  coking  plate  is  sectional  and  is 
coolod  by  •if  passinK  through  the  duct,  eitending  under  same,  which  conveys  air  to  the  rear 
•ndoftfiecliamberTnthearch.  Thegrates  are  made  in  pairs,  one  fixed,  the  other  movable. 
Tbeii»*»bIeBrate»,  pivoted  at  their  upper  ends,  are  moved  by  a  rocker  bar  (located  at  their 
lower  ends)  alternately ,  above  and  betov  the  surface  of  the  stationary  grates.    In  opei'atlon^ 

ne  upon  the  coking  plate:  there  the  volatile  gasesare  driven  off  and  immediately 

„ oh  iabtirnediu  it  passes  toward  the  rear  of  the  furnace.    The  fuel  then  travels 

jkiwly  down  the  inclined  grates  toward  the  elinket  grinder,  receiving  the  requisite  amount  of 
■ir  through  the  grates  to  complete  the  burning  process,  and  hy  the  time  it  reaches  the  clinker 

deposited  in  the  ash  pit.  The  speed  at  which  the  stoker  boies  push  the  coal  into  the  giates 
can  be  easily  regulated  to  confonn  with  the  duty  required.  The  grates  being  pivoted  at 
their  upper  ends  and  actuated  at  their  tower  ends,  have  their  greatest  action  at  the  lower 
end,  and  consequently  the  ability  to  break  up  the  fuel  bed,  allowing  the  air  free  admission 
to  all  parts  of  the  furnace,  assures  practically  complete  combustion  of  the  carbon.  The 
clinker  grinder  can  be  adjusted  accoidiog  to  the  uoount  of  ash  in  the  coal,  independently  of 


NOTE,— iWurpA*  ttaktr  driBe.  The  furnace  is  actuated  by  a  reciprocating  bar  across 
the  front  normally  driven  by  an  engine.  It  can  also  be  successfully  operated  by  hand;  the  fuel 
fed  and  the  ash  removed  in  the  same  manner  as  when  controlled  bj-  the  engine.    This  prevents 

readily  to  vanous'me'tlfods™!  opuation.  ^ThesiJiali  engine  Iwated  on  either  side  of  the  furnace 
or  battery,  is  that  most  generally  used.  The  engine  adopted  by  the  Murphy  Co.  is  a  small, 
compact,  double  cylinder,  sinole  acting  and  self-oiling.  Quite  often,  however,  it  is  desired  to 
use  an  electric  drive,  which  is  also  a  very  satisfactory  method  and  h       -' ' 

the  bearing  for  the  reducing  gears.  '  For  large  insUllationa,  however,  i 

driving  units,  by  providmg  ao  ovei-head  shaft  and  ratchet  drive. 


:.  which  also  supports 
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may  be  classed,  with  respect  to  the  manner  in  which  the  fuel  i 
fed,  as: 

1.  Over  feed. 


2.  Underfeed. 


Pics.  4,S1B  and  4,319.— Grsto  bars  of  Murphy  side-overfeed  stoker.     Above  the  eolnng  lini 

also  serve  to  cany  the  fine  coal  before  it  is  coked,  and  prevent  eicesaive  sifting,  further  dowt 
the  grate,  or  below  the  coking  lioe,  these  libs  are  omitted,  thus  a  liberal  ati  openiuc  ispr» 


3.  Rotary  of  Sprinkler  feed. 

4,  Chain,  or  traveling  grate  feed. 
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During  the  process  of  combustion  the  fuel  is  coked  on  the  uppo" 
portion  of  the  grates,  and  the  volatile  gases  driven  off  in  this 
process  are  ignited  and  biuTied  in  their  passage  over  the  bed  of 
burning  carbon  lower  on  the  grates. 

In  the  second  type  of  over  feed  stoker,  illustrated  by  ^e 
Murphy  stoker,  the  fuel  is  fed  from  the  sides  of  the  furnace  for 


Fig.  1^21 . — MuiTihir  Etokei  box  i 

The  inclined  grates  are  moved  by  rocking  bars  and  the  fuel  is 
gradually  carried  on  to  the  bottom  and  center  of  the  furnace  as 
combustion  proceeds,  where  a  clinker  breaker  grinds  out  and 
removes  the  refuse. 

Ques.  For  what  kind  of  fuel  are  over  feed  stokers 
adapted? 

Ans.     Caking  coal. 

The  fires  ordinarily  carried  are  comparatively  thin,  and  the  movement 
of  the  grate  bars  keeps  them  broken  up  and  open,  thus  preventing  fairing, 
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Instructions 

for 

Operating  Murphy  Overfeed  Stoker 

To  Start  Furnace 

1,  Give  new  furnace  brick  work  at  least  a  twenty-four  hour  drying  by  slow  fire. 

2.  Fill  the  worm  gear  oil  chambers  of  the  enclosed  drive  with  a  heavy  oil.     Pill  all 

grease  cups  and  oil  necessary  parts. 
8.     Open  all  ash  and. sifting  pit  doors  and  air  slides. 

4.  Unhook  links  and  throw  out  pawls  so  that  the  driving  bar  cannot  move  the  grates, 

stoker  boxes  or  clinker  bars. 

5.  Scatter  wood  and  kindling  the  entire  depth  of  the  furnace  over  the  clinker  bars  and 

the  lower  ends  of  the  grates  from  front  to  rear. 

6.  Set  the  boUer  damper  about  half  open  and  light  the  fire . 

7.  Fill  the  magazines  with  coal  and  feed  just  enough  by  hand  to  keep  the  grates  covered. 

Build  up  a  thin  fire. 

8.  Open  the  valve  on  the  furnace  front  which  allows  exhaust  steam  to  pass  beneath 

the  grates  and  clinker  bars. 
9*    When  the  fire  is  thoroughly  started  and  the  steam  presstire  is  high  enough,  start 
the  driving  engine. 

10.  After  trying  out  the  movements  of  the  stoker  boxes,  movable  grates  and  the  clinker 

bars  by  hand,  hook  up  links  and  throw  in  pawls. 

11.  Break  up  and  level  the  fire. 

12.  Ri^rulate  the  speed  of  the  engine  and  set  the  boiler  damper  for  the  load  required. 

The  Fire 

1.  Ciurry  a  V-shax)e  fire  bed  from  3  inches  to  8  inches  thick. 

2.  Do  not  carry  a  heavy  fire  at  the  lower  ends  of  the  grates  and  over  the  clinker  grinders. 
8.    Thickness  of  fire  depends  upon  the  draught,  load  and  kind  of  coal. 

4.  Keep  a  thin  fire  for  low  draught  or  fine  coal. 

5.  Run  the  driving  engine  just  fast  enough  to  keep  the  ^prates  covered  with  coal .    < 

6.  If  the  fire  become  unbalanced,  even  up  by  wrenching  in  coal  by  hand,  or  by  stop- 

ping the  stoker  boxes. 

7.  Wrenching  in  too  much  coal  at  one  time  will  cause  smoke  and  heavy  fires. 

8.  Never  poke  the  fire  at  the  top  of  the  grates  where  it  is  coking. 

9.  When  Duming  coals  that  require  occasional  breaking  up,  roust  through  the  capped 

roust  holes. 

10.  The  roust  bar  should  be  pushed  in  with  the  hook  flat  on  the  grates,  and  pulled  out 

with  the  hook  cutting  the  fire. 

11.  About  once  every  18  or  3  hours  hook  ^trough  the  middle  qf  the  fire  so  as  to  break  up  the 

clinker  bridges, 

12.  Slow  up  or  stop  the  clinker  grinders  when  fire  is  being  ground  out  into  the  ash  pits. 

13.  Adjust  the  speed  of  the  clinker  grinders  to  suit  the  amount  of  ash  in  the  coal. 

14.  If  ash  clinker,  turn  on  more  steam  beneath  the  grates  and  grinders. 

15.  The  movable  grates  at  the  lower  end  should  have  a  movement  of  not  less  than  ^ 

inch  above  and  %  inch  below  the  stationary  grates. 

16.  Clean  off  the  V-wall  at  the  rear  of  the  grates  once  every  S4  hours* 

17.  Do  not  allow  ash  pits  to  fill  up  with  ashes  to  the  clinker  bars 

The  Draught 

1.  Don't  forget  that  it  takes  air  to  bum  coal. 

2.  Have  dampers  rigged  up  so  that  they  can  be  EASILY  handled  from  the  furnace 

fronts  or  firing  aisle. 
8.    Regulate  the  load  and  steam  i>ressure  by  changing  the  opening  of  the  boiler  or 
main  damper.     Keep  the  ash  and  sifting  pit  doors  open . 

4.  The  dami)er  should  never  be  closed  tightly  or  suddenly  either  by  hand  or  a  damper 

regulator  where  there  is  a  hot  fire  in  the  furnace. 

5.  If  dasuper  regulator  be  used,  there  should  be  not  less  than  .12  of  an  inch  of  draught 

over  the  fire  when  the  damper  is  in  closed  position. 


J 
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6.  Do  not  tise  a  regtalator  which  oi)erates  only  in  two  positions,  that  is,  open  and 

closed.  The  recftilator  should  vary  the  damper  oi>ening  according  to  the  steam 
pressure. 

7.  Low  draught  or  sudden  checking  of  the  fire  will  increase  the  cost  of  repairs  due  to 

the  rapid  burning  out  of  the  brick  and  iron  work. 

8.  Don't  waste  coal  by  using  too  much  draught.     Have  just  enough  dratight  to  keep 

a  hot  fire,  and  at  the  same  time  carry  the  load. 

9.  A  draught  of  about  .25  of  an  inch  water  suction  over  the  fire  will  alow  operation 

at  boiler  rating. 

10.  Keep  the  air  passages  beneath  the  coking  plates  open. 

11.  Keep  air  slides  open  that  let  air  over  the  top  of  the  fire  arch. 

12.  Don't  apply  forced  draught  api>aratus  to  the  furnace  without  first  consultixig  the 

Murphy  Iron  Works. 

The  Coal  Feed 

1.  Coal  should  be  crushed  fine  enough  so  that  it  will  pass  through  a  screen  with  a  1^ 

inch  round  mesh. 

2.  The  use  of  lumpy  coal  causes:    a.  coal  to  clog  in  the  magazines;    b.  fires  in  the 

magazines^  c.  Arch  plates  and  magazine  castings  to  break  and  bum  out;  J. 
the  breaking  of  stoker  parts;  e.  uneven  fires  and  bare  grates,  and  /.  extra 
labor  for  the  firemen. 

3.  Keep  magazines  full  of  coal  from  front  to  rear. 

4.  Very  often  coal  chutes  fail  to  supply  coal  to  the  rear  of  the  magazines.     Be  sure 

coal  chutes  are  correct. 

5.  If  coal  catch  afire  in  the  magazine,  close  the  slide  and  let  it  empty  before  filling. 

See  that  the  air  flues  beneath  coking  plates  are  cleaned  out.  _ 

6 .  When  burning  lumpy  coal ,  close  the  slides  once  in  a  while  and  let  the  magazines  empty . 

7.  See  that  magazine  coal  slides  work  freely. 

8.  Do  not  let  the  stoker  boxes  stand  still  longer  than  15  minutes  at  a  time  when  maga- 

zines are  full  of  coal.  When  at  rest,  the  boxes  should  be  left  pushed  in  toward 
the  fire. 

9.  Be  sure  that  the  stoker  boxes  have  a  stroke  ranging  from  3  to  3^  inches.     If  less 

than  3  in.,  the  coal  will  not  feed  properly. 
10.    The  larger  size  furnaces  are  equipped  with  the  variable  feed  stoker  arms.     Ejeep 
the  connecting  Unk  at  the  top  of  the  slot  in  the  arm  for  continual  operation.     The 
links  to  be  lowered  only  when  evening  up  the  fires. 

Banking 

1.  Feed  all  of  the  coal  out  of  the  m^razines. 

2.  When  the  top  of  the  grates  become  bare,  pull  the  fire  to  the  bottom. 

3.  Unhook  the  grate  rocker  links  and  throw  out  the  clinker  bar  pawl. 

4.  Cover  with  a  layer  of  fresh  coal  or  siftings  from  beneath  the  grates. 

5.  Close  the  air  slides  and  the  ash  and  sifting  pit  doors. 

6.  Close  boiler  damper  just  enough  so  as  to  oarely  allow  the  gas  from  the  fresh  coal 

to  escape. 

7.  Remember  when  a  fire  is  banked ,  that  every  pound  of  air  passing  through  the  furnace 

and  boiler  setting  carries  away  heat,  which  means  coal. 

When  Furnace  is  Out  of  Service 

1.  See  that  all  of  the  coal  is  fed  out  of  the  magazines  before  taking  furnace  off  the  line 

2.  Close  the  valve  on  the  steam  line  to  the  grates  and  clinker  bars.  * 

3.  Keep  all  doors,  slides  and  dampers  which  will  allow  air  to  enter  the  setting,  closed 

as  much  as  possible.  The  admission  of  air  to  the  flue  or  stack  to  which  active 
boilers  are  connected  will  seriously  affect  the  draught. 

4.  Clean  out  the  air  ducts  of  the  arch  plates. 

6.  Clean  the  clinker  from  the  V  and  front  walls. 

6.  Patch  all  air  leaks  in  the  brickwork. 

7.  Keep  iron  and  brickwork  in  proper  repair. 

8.  See  that  the  holes  in  the  perforated  steam  piping  beneath  grates  and  clinker  ban 

are  free  from  dirt  and  scale. 

9.  See  that  the  operating  mechanism  is  in  working  order.   The  driving  bar  should  have 

a  12-inch  stroke^ 
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Underfeed  Stokers. — There  are  two  types  of  underfeed 
stoker:  horizontal  and  inclined.  The  fuel  is  fed  from  under- 
neath, either  continuously  by  a  screw,  or  intermittently  by  a 
plunger.     The  principle  upon  which  these  stokers  base  their 


Figs.  <,324  to  4,328.— Detroit  heavy  duty  aod  EtsailiiTd  giBl«  ban. 


veifesd  stokec  clinker  cmsher.      It  conilita  of  huTy 

— .„ _1  teeth  bolted  on  steel  cranks  which  continuous!?  rotate 

d  each  other.  _  The  operation  can  be  regukted  to  suit  the  fuel  to  be  burned,  and  b 
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claims  for  efficieiicy  is  that  the  green  fuel  is  fed  under  the  coked 
and  burning  coal,  the  v(datile  gases  from  this  fresh  fuel  being 


with  air  before  puilDC  thiongb  Uie  inaudtscsot  fu*l  bad. 


the  ram  to  cany  coal  forward  in  ^  retort ,  a 
in  Che  Cumaca. 
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heated  and  ignited  in  their  passage  through  the  hottest  portion 
of  the  fire  on  the  top.    In  the  horizontal  class  of  underfeed  stok- 
ers, the  action  of  a  screw  carries  the  fuel  back  through  a  retort 
from  which  it  passes  upward,  as  the  fuel  above  is  consumed,  the 
ash  being  finally  deposited  on  dead  plates  on  either  side  of  the 
retort,  from  which  it  can  be  removed.     In  the  inclined  class 
the  refuse  is  carried  downward  to  the  rear  of  the  furnace  where 
there  are  dumping  plates,  as 
in  some  of  the  overfeed  types. 
The  American  underfeed 
stoker  is  an  example  of  the 
horizontal  class  of  underfeed 
stoker.      The     principle     of 
operation  of  this  stoker  is  the 
same  as  that  of  the  Taylor 
stoker. 


Ques.  What  are  the 
advantages  of  underfeed 
stokers? 

Ans.  They  are  adapted 
to  heavier  fire  than  other 
stokers. 

As  they  are  practically  all 
operated  with  forced  draught 
(the  fan  being  driven  i 
cases  by  the  same  ine< 
as    the    stoker    drive), 


Pio.  4^S. — Cole  automatic  valves  used  with  Jones  uoderfee 
valve  controls  the  fuel  auppUed  to  the  furnace  by  one  stolrei 
out  reEardtoany  of  the  others.    The  location  of  the  point 
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small  amount  of  draught  suction  is  necessary  it 
the  thickness  of  the  fuel  bed,  air  s       ■     ■    ' 
resulting  high  C0«  reading. 


o  break  up  the  fire,  caking 


Ques.    What  precaution  should  be  taken  with  under- 
feed stokers  P 


Pig.  4,336. — Grate  detail  of  Riley  sdf-dumpinB  underfeed  inclined 
9truetiont  base  platcB  ere  assembled  on  throuah  l-beamg»  which  k 
carry  the  weight  of  the  lower  end  of  the  grates  and  fuel  bed.     The  l 

rsms.    The  urates  arc  assembled  on  the  retort  side  barsasshown.     these  i 
bat3  are  simply  dropped  into  place  an-'  '- "■ ■"-  -■■ '^-    '  "-' 

the  side  Imis  and  bolted  to  the  cylind 

allow  for  contcietioQ  and  emansion . 

Ans.  The  draught  should  be  properly  regulated  to  prevent 
brickwork  troubles,  because  of  the  very  high  temperatures  devel- 
oped in  the  furnace. 
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iit,  pass  up  thmugh  bo  active  bi 

the  ™:ke"duin^^es,  which  eontinuqu 

I  travel  of  these  reciprocating  parts  is  Bdjusi. ^^.. , 

rt  Bides  catiy  urate  bloeto.  in  the  fom  of  narrow  gratei  with  «L_ ^....^ 

wing  sir  to,  enter  the  ereen  fuel  below  the  nme  of  combimtion,  designed  to  allow  free 

overfeed  eratea  extend  acrosa  the  entire  nidth  of  the  BtoVer.     Tlua  arrangement  permits 


,o  little  or  nothing.     It  is 
'al^TJel'ted."  "Each  i«:'i*pr'icaS^"u nit*'"    ^"^ 


reflated  by  operating  the  air  damper.     In  conatri ,„_  , „.....„..._»  ^« 

b«ivy  I'beamB.  Vhich  keep  them  in  ali^ment  and  cany  the  weight  o(  the  lower  end  of  the 


cl  with  the  plunger.     The  grates  are  assembled 
ambled  side  bars  are  simply  dropped  into  place 

are  b^ed  to  the^cylinder'uSitsTt^the 
hmgcd  betwetn  the  retort  aides  and 
bottom.  They  make  a  fleiiible  light 
pint  which  prevents  siftiog  and  allows 
for  expansion  and  contraction. 

Pig.  4,338.— Detail  of  Rilev  self- 
operation  of  safety  connecting  rod! 
/(  coruittt  af  a  W"  soft  steel  pin 
passing  through  a  hardened  steel 
ring  on  the  connecting  rod.  The 
thrust  o!  the  rod  comes  on  this 
hardened  shearing  ring  which  bears 
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Instructions 

for 

Operating  Riley  Underfeed  Stokers 

Even  at  the  best,  operating  instructions  can  only  serve  as  a  guide.  Individual  conditions 
in  the  plant  should  dictate  the  method  of  procedure.  Only  a  few  fundamental  rules  can  be 
given  to  teach  the  operators  some  things  to  do  and  not  to  do.  Careful  study  of  the  operation 
and  performance  of  the  equipment  with  different  coals — ^loads — air  pressures — ^temperatures, 
etc.  is  the  best  way  to  determine  the  conditions  that  give  the  most  economical  results.  Stoker 
operation  therefore  resolves  itself  in  good  common  sense,  combined  with  a  knowledge  of  the 
following. 

Lighting  Up. — ^Pill  the  hopper  with  coal  and  feed  enough  fuel  into  the  furnace  to  cover 
the  grates  of  a  depth  of  3*  or  4''  (this  can  be  most  effectively  done  with  a  small  amount  of 
travel  on  the  grates) .  If  there  be  no  power  to  operate  the  stoker,  coal  should  be  shovelled  in 
by  hand  and  evenly  distributed  over  the  grates. ,  Put  kindling  and  waste  on  top  and  near 
the  front  wall.     Light  and  turn  on  the  draught  until  fuel  is  thoroughly  ignited. 

If  forced  draught  be  not  available  resort  to  natural  draught  by  removing  the  front  plate. 
Do  not  force  the  stoker  until  the  entire  fuel  bed  is  in  a  good  coked  condition. 

Fire  on  Ash  Plates. — ^With  some  coals  it  may  be  necessary  to  cover  the  lower  end  o£ 
the  grates  and  rocker  plates  with  ashes.  (In  starting  be  especially  careful  not  to  get  too  heavy 
or  too  hot  a  fire  on  the  ash  plates.  To  do  so  may  cause  serious  burning).  Remember  the 
lower  end  of  the  furnace  is  not  intended  for  live  co&U  but  ash. 

Grate  Motion. — ^After  a  sufficient  amount  of  ash  has  accumulated  to  protect  the  grates, 
the  moving  parts  can  be  put  into  commission.  Always  keep  plenty  of  fuel  over  the  grates 
and  use  the  minimum  possible  travel  for  the  side  bars.  One  or  two  inches  will  usually  suffice. 
Eastern  coals  as  a  rule  do  not  reciuire  as  much  travel  on  the  grates  as  the  high  ash,  high  vola- 
tile Western  coals.  When  driving  the  stoker  hard  it  is  usually  desirable  to  give^the^gprate 
additi9nal  motion.^  In  any  instance  care  should  be  exercised  to  see  that  the  motion  is  not 
excessive  to  carry  live  coal  down  onto  the  rocker  plates. 

Draught. — ^Under  all  conditions  of  operation  there  should  be  a  light  suction  in  the  fur- 
nace. Under  no  conditions  should  there  be  a  pressure  in  the  furnace.  The  suction  over  the 
fire  should  be  between  .1"  and  .25''  water  gauge  at  maximum  rating.  If  the  suction  be  over 
.25"  in  filtration  losses  will  be  so  great  as  to  defeat  economical  operation.^  The  correct  suction 
can  be  maintained  by  manipulating  the  fiue  or  stack  dampers  in  conjunction  with  the  air  duct 
dampers. 

The  pressure  under  the  grates  will  depend  upon  the  coal  used,  the  thickness  of  the  fuel 
bed  and  the  rating  desired.  During  normal  operation  ^400  to  500  of  coal  per  retort  per  hour) 
IH  to  2W'  water  gauge  is  usually  required;  at  the  highest  rating  (900  to  1400  of  coal  per 
retort  per  nour)  4"  to  6''  will  be  required. 

By  observing  the  conditions  of  the  fire  it  is  not  difficult  to  determine  the  draught  that 
will  produce  the  most  efficient  results.  Draught  gauges  will  be  found  helpful  in  this  connec- 
tion. The  lowest  jwesstire  that  will  give  the  correct  mixture  of  air  and  fuel  should  be  used 
at  all  rates  of  combustion.  Ordinarily  40  to  50%  excess  is  required.  This  is  necessary  so 
that  each  particle  of  combustible  may  be  reached  by  the  proper  amount  of  oxygen. 

Fuel  Bed. — ^Keep  the  fuel  bed  as  near  uniform  and  cUnker-free  as  possible.  The  thick- 
ness depends  upon  the  coal  used,  rating  desired,  and  draught  pressure.  With  most  bituminous 
coals  18"  to  24"  of  fuel  over  the  grates  in  the  underfeed  section  gives  good  results.  With 
lignitic  coals  the  thickness  and  air  presstire  should  be  much  less.  In  any  instance  the  coal 
and  air  should  bear  a  certain  relation  to  each  other  which  can  be  easily  determined  by  watching 
the.  operation. 
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The  greatest  depth  and  hottest  part  of  the  fire  should  be  over  the  retorts  near  the  front 
wall.  Don't  let  the  crown  of  the  fuel  bed  work  down  on  the  overfeed  grates.  These  grates 
are  intended  for  the  devolatilized  fuel.  If  the  fuel  bed  get  too  thick,  throw  the  clutch  of  the 
gear  box  until  it  has  burned  down  to  the  correct  level. 

AmH  Discharge, — Do  not  keep  ash  discharge  open  any  wider  than  necessary,  otherwise 
the  ashes  will  fall  through  before  all  the  combustible  is  burned  out  of  the  refuse.  The  best 
condition  is  to  Iceep  the  rocker  plates  nearly  closed  so  as  to  maintain  a  bridge  of  ashes  over 
the  opening  and  a  thick  bed  of  ashes  on  the  ash  plates  so  as  to  protect  them. 

Be  careful  to  keep  the  ash  hopper  or  ash  pit  clear  of  hot  refuse  so  as  to  prevent  overheating 
of  the  rocker  plates  and  racks.  If  necessary  to  dump  hot  refuse,  be  sure  to  turn  on  water 
in  order  to  quench  fire  in  ash  pit. 

Cleaning,  After  complete  dump,  keep  the  rocker  plates  closed  for  the  first  hour  or  two 
(depending  on  the  kind  of  coal  used,  and  the  rate  of  operation).  As  soon  as  the  fire  ai^pears 
dirty  or  well  burned  out,  next  to  the  bridge  wall,  open  the  rocker  plates  about  4".  This  will 
allow  the  accumulated  ash  and  small  clinkers  to  discharge  continuously.  Do  not  open  enough 
to  get  big  holes  between  rocker  plates  and  bridge  wall.  After  another  hour  or  two  of  opera- 
tion (depending  on  the  quality  of  coal  and  boiler  rating),  it  may  be  necessary  to  open  the 
rocker  plates  more,  in  order  to  discharge  an  increased  amount  of  ash  and  clinker. 

The  opening  between  the  rocker  platei  and  the  brid^  wall  should  be  just  large  enough 
to  discharge  ashes  and  small  clinkers  without  leaving  a  big  gap  through  which  cold  air  from 
the  ash  pit  may  get  into  the  furnace.  In  other  words,  as  the  fires  get  older,  they  get  dirtier, 
and  you  must  allow  for  discharge  accordingly.  At  the  end  of  six  hours  or  longer  (depending 
on  the  coal  and  rating),  oi>en  the  rocker  plates  wide  in  order  to  make  a  clean  dump  of  any 
big  clinkers  that  may  have  accumulated  Do  not  delay  this  opening  too  Ipng  or  clinkers 
may  build  onto  the  bridge  wall. 

If  there  be  any  difficulty  in  dumping  after  the  roclrcr  dump  is  opened,  put  extra  travel 
on  the  rocker  plates  opposite  the  obstruction,  until  it  is  pushed  down. 

As  soon  as  the  fire  is  cleaned  in  this  way,  close  the  rocker  plates  and  then  follow  instruc- 
tions again,  as  above.  The  aim  should  be  to  adjust  the  rocker  plates' jposition  as  little  as 
possible  and  still  keep  the  fire  clean.  With  good  coal  and  low  ratings,  it  is  possible  to  run 
continuously  without  any  change  whatever.  The  above  precautions  are  intended  for  poor 
coaTand  high  ratings. 

Clinkers. — ^In  case  of  large  clinkers  which  will  not  readily  dump,  you  may  have  to  with- 
draw the  rocker  plates  temporarily  in  order  to  let  them  through.  If  they  be  stuck  to  the 
bridge  wall,  or  otherwise  blocked,  do  not  use  a  bar,  but  change  the  travel  of  the  rocker  plate 
opposite  the  clinker.  To  do  this  effectively  put  on  the  maximum  travel  of  about  6"  and  let 
tne  rocker  plate  operate  this  way  just  long  enough  to  break  up  the  clinker  properly.  (Do 
not  leave  this  long  travel  on  any  longer  than  absolutely  necessary  because  otherwise  it  will 
tning  down  too  much  green  fuel  from  the  upper  end  of  the  stoker.) 

To  Bank  Fire. — Shut  off  all  air  and  feed  enough  coal  to  the  boiler  to  make  the  fuel  bed 
as  thick  as  circumstances  require.  By  occasionally  feeding  a  small  amount  o:  coal  it  is  possible 
to  maintain  the  bank  over  a  long  period  of  time  (weeks  if  desired).  The  consumption  of 
fuel,  with  the  boiler  setting  tight,  will  be  very  small — ^just  enough  coal  is  necessary  to  take 
care  of  radiation  losses. 

Do  not  use  much  travel,  if  any,  on  the  side  bars  when  banking.  With  fires  banked  be 
sure  to  have  the  stroke  adjusters  in  lowest  position  so  that  the  side  bars  will  stand  fully  with- 
drawn. 

To  Raiae  Stearn  from  Banked  Fire. — ^Tum  on  the  wind  gradually  to  the  required 
amount,  then  start  side  bars  with  minimum  travel.  If  the  fuel  bed  be  heavy,  run  the  stoker 
with  hopper  empty  so  as  not  to  feed  in  any  more  fuel  until  after  the  side  bars  have  broken  up 
the  bed  and  it  Has  had  a  chance  to  bum  down  to  normal  thickness . 

Lubrication. — Make  it  a  point  ot  see  that  gear  boxes  are  kept  well  lubricated  by  adding 
a  litt  e  fresh  cylinder  oil  as  needed.  Look  at  these  boxes  twice  a  week,  also  see  that  aU  grease 
cups  are  used  and  filled  once  a  week.  By  doing  this  you  will  make  things  easy  for  yourself. 
It  IS  tiie  things  that  are  neglected  that  cause  the  trouble. 
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Rotary  or  Sprinkler  Stokers. — This  class  of  stoker  is  suit- 
able for  small  units.    Coal  passes  from  a  hopper  to  a  revolving 


Pigs.  4,339  and  4340. — ^Riley  oil  seal  pneumatic  regulator  for  controllingf  speed  of  stoker  engine 
from  the  forced  draught  pressure.  In  conBtriiction  and  operation,  a  fi*inch  wrought 
iron  pipe  is  connected  to  main  duct.  Any  variation  in  pressure  in  duct  communicates  itself 
to  plunger,  causing  it  to  rise  or  fall  accordingly.  This  motion  is  transmitted  by  means  of 
multiplying  levers  to  a  special  ball  ranger  of  the  throttling  governor  of  stoker  engine.  Thus 
when  fan  speeds  up,  due  to  low  steam  pressure,  it  increases  the  air  i>ressure  in  duct.  This 
in  turn  causes  pneumatic  re^lator  to  operate  and  increases  stoker  engine  speed.  In  a 
similar  manner  engine  speed  is  decreased. 
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Pig.  4^1.— Ril«y  undsr  feed  stoter  isckir  duo^.  tt  eontUU  tuenttally  of  n  series  of 
ovnfeed  EnUs  and  ncker  pUte).  the  Utter  of  which  crush  and  ejsct  the  aita.  Tbeas 
grate  blodcs  and  rocker  pUtes  are  held  in  place  by  Bide  bar  (runes  which  in  turn  are  !■>■ 
tened  to  the  main  retort  aide  bar  so  as  to  move  in  unison  with  it.  The  grate  ban  are  aa 
deosned  that  by  removina  inns  they  can  be  readily  slipped  in  or  out  of  place  independeotlT 
of  the  rest  of  the  furnace  parts.  Alter  removing  the  grate  ban  the  rodcer  plates  are  sinoly 
titled  out  of  place.  Instead  of  allowing  the  ash  to  be  deposited  on  sMtioiuuy  lefun  plow, 
as  hentirfore  has  been  cuatcmuuy  »>th  all  stokers,  it  is  now  deposited  on  tocIdt  plotea 
which  move  with  the  retort  uniti.  the  effect  of  this  motion  being  multiplied  next  to  thi 
bfidga  wall  iriiere  it  is  tjiott  needed.  The  Knljlant  nftMltoii  of  the  rodEer  platea  trimia  ■# 
asddMckorfa  M(«k  its  motion  is  poattiva  and  csntinuoui  and  i*  juit  nfficiait  to  ka9 
laigeclinlieTafromforming.  Sy  this  method  the  oah  is  not  allowed  to  accumulate  and  faw 
into  msnnii  and  thai  the  bridge  wall  and  dump  [dates  are  kept  free  from  oil  oeeumulitkiiii, 
thereby  effectins  savingi  m  labor  and  aaintenance.  The  magnkude  of  the  motion  teiven 
it  by  the  noprocating  retort  udes)  may  be  varied  at  win  and  is  ngnlatwl  to  suit  tha 
dinkering  qualities  o(  the  coal.  It  has  maximum  agitation  at  the  vital  point — when  the 
dump  ia  nearly  dosed;  whenneartyopened,ithaBmaJiimumcrushingeffect  toastoaid  the 
operalor  when  in  emergency  he  wishea  to  make  s  quick  disposal  of  ash.  However  this  i* 
seldom  (if  ever)  required,  ea  over  95  per  cent,  of  the  ash  is  continuously  discharged. 


NOTB.^-Oonfrof  o/<frofuf /uef  aupplir 'n  undmrftad  atokartt   In  small  installatioDa 
it  is  usually  desirable  to  drive  the  stokers  directly  from  the  fen  shaft,  by  means  of  suitable 
shafting  with  sprocket  and  chain  connections.   Where  the  forced  draught  fan  is  driven  by  steam  - 
it  is  customary  to  install  a  standard  damper  regulator  operating  a  balanced  valve  and  so  G 
nected  up  that  the  speed  of  the  fan  is  controlled  by  tba  boiler  steam  pressure.     That  is,  adi 

the  additional  air  from  the  fan  has  resisted  in  raisioR  the  sleam  pressure  ,to°nomfli™ V"!! 

be  held  approximately  Dornial.  for  the  entire  range  of  capacity.  Where  the  fan  prime  mo . .. 
consists  o£  a  constant  speed  motor  tUe  air  supply  is  regulated  by  a  damper  in  the  fan  discharge, 
lijis  damper  can  be  operated  either  by  hand  or  by  means  of  a  suitable  damper  regulator. 
In  laise  plants  or  for  large  boiler  units  it  is  usually  desirable  to  have  a  separate  prime  mover 
drivinstne  stokers.    The  air  and  fuel  supply  may  then  becontrolled  either  by  hand  or 

ishowingsteam  pressure,  air  pressure  under  grates,  draught  over  £re,  rate  of  coal 

are  and  can  govern  the  coal  feed  accordingly. 
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membCT  which  throws  or  "sprinkles"  it  on  the  fire,  as  shown  in 
fig.  4,345.  The  principle  of  this  stoker  is  to  give  a  light  tmiform 
feed  of  coal  at  the  same  rate  it  is  burned. 


Pic.4^2.— Taylor  underfeed  inclined  Brata  stoker  with  power  duirrp.  It  contUtt  ofi 
A  Heries  of  sloping  passages  1 .  called  reloits,  by  wfaich  coal  enteis  from  the  hopper  2j  a 
series  of  cast  iron  boiea3,ca!]edtE]yereboxea,  through  which  air  is  forced  by  a  fan,  and  which 
are  covered  by  perforated  cast  iron  blocks  4,  called  tuyeres,  thitmgh  which  the  air  enter? 
the  fuel  bed;  a  series  of  slowly  reciprocating  rams,  driven  at  variable  speed  by  worm  geaT^ 

tributing  rams  S,  6.  As  the  coal  drops  behind  them  it  is  pushed  upward  and  backward, 
working  to  the  surface  and  eventually  past  the  eiteusion  grate  T  to  the  dump  plats  S, 

ing  on  the  rate  of  working.  If  the  rotary  ash  dischaiHe  be  used,  the  dump  plate  ia 
omitted.  The  alternating  retorts  and  tuyere  boiea  just  described  are  fumisheJi  usually, 
innumbertofiUthewidthofthesettinR.  The  rams  are  driven  in  groups,  (eeding  four  re- 
torts or  less,  by  sprockets  and  worm  EearinH  for  a  drive  shaft  below  the  flow.  Chain  coup- 
lings permit  independent  drive  to  equaliie  the  fuel  bed .    Shearing  pins  protect  the  mechan- 

stokers  end  fan.  with  a  hydraulic  regulation  controlling  it  accordingto  the  steam  fHessure, 
Where  separate  engines  are  used,  the  fan  is  controlled  by  the  steam  pressure  and  the  stoker 
In  large  plants  Mparata 


„ , . ,.      „  „ ^ id  downward,  beintf 

pushed  canstantl  y  by  f  re^  f  uel  ,th  e  burning  coke  slowly  shrinks .  till  when  it  reaches  the  dump 
plate,  little  but  hot  ash  and  chnker remains.    Mechanical  drausht  (1  to  fi  inidiea  of  water) 


MECHANICAL  STQKERS 


2,479 


The  fire  doors  permit  access  to  the  fire  for  observation  and  for 
the  correction  of  any  irregularity  in  the  working  of  the  fire  bed 
due  to  clinker. 

"When  a  clinker  forms  on  any  part  of  the  grate,  its  presence  is  shown  by 
a  darker  and  thicker  area  caused  by  the  lack  of  air  and  by  coal  on  that  por- 
tion of  the  bed  not  burning  down  as  fast  as  on  the  rest.    The  operator  can 


Fig.  4,343.— Taylor  underfeed  inclined  grate  stoker  with  rotary  ash  discharge.  The  aah 
discharge  conai»t»  of:  22,  extension  grate;  23,  cast  iron  water  back;  24,  crusher;  25,  pawl 
rotating  crusher;  26,  pawl  driving  mechanism;  27,  worm  driving  gear;  28,  crusher  plate;  20, 
strut  supporting  crusherplate;  30,  worm  adjusting  gear  for  cnisher  plate;  31 ,  adjusting  lever; 
32,  handle  controlling  effective  action  of  pawl  25.  The  ash  discharge,  as  shown,  has  a  deep 
pocket  beyond  the  extension  grate,  which  is  filled  (and  thus  sealed)  with  ashes.  At  the  bot- 
tom a  toothed  crusher,  driven  at  a  speed  corresponding  to  the  amount  of  ashes  to  be  dis- 
charged, slowly  breaks  up  and  expels  the  ashes.  The  clearance  from  crusher  to  crusher 
plate  is  adjustable  according  to  the  character  of  the  fuel,  but  should  never  be  so  wide  as  to 
spill  the  ashes  and  break  the  seal.  The  ash  discharge  requires,  however,  more  head  room 
than  the  hand  or  power  dtimp,  and  the  operating  conditions  must  be  favorable  if  the  best 
results  are  desired. 


remedy  the  condition  by  removing  the  clinker  with  a  hook  and  patching 
the  spot  with  fresh  coal  placed  with  a  shovel.  Do  not  attempt  to  patch 
by  raking  live  fire  over  the  spot,  as  to  do  so  tends  to  form  another  cluster 
at  the  same  spot. 


Oues.    Mention  a  characteristic  of  rotary  stokers. 
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iiosfga  or  other  overhead  source  oC  lupplv.  It  is  fed  into  an  inlet  hopper  npan  ■.  Ions  pl^te 
whuh  redprocatei  up  and  down,  fanning  »  rtdprocating  coal  pttstur.  This  pusher  is  oper- 
B(«d  by  an  arm  driven  by  an  eccentric  At  rsch  movement  of  tbia  aim  drinna  tbe  puiber. 
«  valve  operated  by  the  tttom  anttctting  Uta  u  opened  and  closed*  which  admits  steani 
through  the  iHpe  marked  AtaiK  lo  dislribiUir  to  tho  Woukt.  M  ajMnttlsn  each  time  the  I 
pusher  moves  to  advance  co^l  downward  toward  th«  fire  throush  the  throat  of  the  maGhinCi 
the  valve  opens  and  a  charge  of  steam  propels  the  air  thnum  the  blower  which  operata 
through  the  diitiibuting  ncule  pick*  the  coal  off  the  end  ol  the  plate  below  tbe  pusher, 
■ad  with  diieiBiuB  columns  of  sir  icatlen  the  coal  ia  vsiious  dinetiofu  over  the  bed  a 
iuel.  By  means  ol  sharp  dtflectiona  at  the  coioert.  ai  ihowa,  the  coal  is  thrown  at  right 
angles  to  the  itisirilmlcr  and  completely  acmas  the  Gn.  The  travel  of  the  pusher  whidi 
controls  the  amount  of  coal  fed  is  adjustable.  The  controlling  diaphragm  ia  under  boileT 
preasure  feeding  more  coal  with  fatlo.  pieisuie.  and  less  with  use  01  pressure,  this  tending 

imu  tero,  with  each 
and  then  qoickly  recc 
doea  so  with  comparal 
md  then  recedes  agaii 

all  imtnediately  in  frc . _ 

JO  the  furtheat  confines  of  the  furnace  and  every  part  of  the  fu , 

limits  ia  by  the  progressive  lise  and  fall  of  the  blast,  fed  automaticoUy  with  its  due  pm- 
portion  of  fuel.  The  argument  might  be  advanced  that  a  machine  of  this  kind  loingm 
would  lend  to  chill  the  furnace  and  interfere  with  combustioa.  As  a  matter  of  fact,  lliis 
uentiy.  there  is  an  opening  from  the  inUrinr  of  the  furnace  throngh  a  fire- 

■     '■     ■     '       "    --.--■ ,...,_j ;i  by  the  action  of 

..  ...  .  ofthedRtnbnKr 

It  is  there  permitted  to  mil  with  a  quantity  of 


bricked  passage  whereby /urnacesdf,  unbumed  ^nd 
-the  blower  to  the  enclosed  boi  in, which  the  blower  o 


:  character  for  combustion  is  thej!Oj««i  f«dy,  which  by  the  fnotion  of  tin 
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Ans .    Its  feature  of  operation  is  that  it  carries  a  thin  fire,  which 
should  be  disturbed  with  the  fire  tools  as  httle  as  possible. 


It  may  be  necessary 


from  the  dead  plate.    To  do  this  _.__   _  ^ ._    ._„... 

and  part  behind  the  pier  between  the  stoker  openings.    Never  shove  this 
material  to  the  center  of  the  hre. 


FEED  Pt 
HOT 


Pic.  4,345.— RotoiT  or  Eprinkler 


Ques.     When  should  the  stoker  be  started  ? 

Ans.  It  should  not  be  started  until  the  fire  bed  is  in  a  level 
condition  and  admitting  air  uniformly.  The  stoker  will  then 
maintain  the  bed  in  a  level  condition. 

If  rocking  or  dumping  poles  be  used  do  not  rock  them  violently  enough 
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s  will  make  clinkers,  or  may  let  patches  of 

Ques.    What  is  the  nature  of  the  fuel  feed  adjustment? 

Ans,  Since  the  fuel  is  spread  on  the  fire  every  few  seconds 
a  comparatively  small  change  of  the  feed  control  screw  makes  con- 
siderable diiference  in  the  quantity  of  fuel  supplied. 


Fig.  4^48.— The  Babcock  &  Wilcoi  chain  grate  stoker  conusts  of 


■.r  Bprocket*  whii 
te  through 


keyed  to  shafts  earned  by  the  stoker  frame.     TTie  passage  of  the  grate  through  tK 

is  continuous.    The  stoker  is  driven  througha  worm  wheel  keyed  to  the  front  spiccket  shaft. 
■^--    •■-'   •        -       -.endoftt  ■  ■ "■ 
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Fra.4^«.— Driving  mecha 

lism  of  Babcock  and  Wilo 

m  Chain  Stoker  with  ca» 

ng  removed. 

The  front  sprocket  shaft 

3  driven  by  a  heavy  cast 

iron  worm  wheel.     This 

worm  wheel 

cured  by  fitted  taper  keys 

ii  squared,  and  to  the  inn 

er  end  of  which  is  keyed 

one  of  a  pair  of  mitre  ge 
het  wheel.    Long  and  sh 

«.   Another 

witro  gear  which  eiiEBEes 
pavlsdrius  this  ratchet  wh 

his  is  actuated  by  a  rat 

rt  tool  Bt«l 

prevenls  the  ratchet  whec 
lenBth  by  an  amount  equa 

"  oli^i'ti^'jirf  "  The 

lawls  referred  to  in  each 

to  one-half  of  a  tooth  oft 

So  ratchet  wheel,  with  the 

result  that  > 

that  a  fineness  o(  feed  ..Vpo 
for  the  driving  jnecianisni 

nthmit  the  diaadvantage  a 

fine  tUlh  oo  thirwheel™* 

on  frames  bolted  to  one 

cheek  pi«i. 
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Traveling  Grate  or  **Chain"  Stokers. — ^As  implied  by  the 
name,  these  consist  of  endless  grates  composed  of  short  sections 
of  bars,  passing  over  sprockets. at  the  front  and  rear  of  the  fur- 
nace. Coal  is  fed  by  gravity  onto  the  forward  end  of  the  grates 
through  suitable  hoppers,  is  ignited  under  ignition  arches  and  is 
carried  with  the  grate  toward  the  rear  of  the  furnace  as  its  com- 
bustion progresses.  When  operated  properly,  the  combustion  is 
completed  as  the  fire  reaches  the  end  of  the  grate  and  the  refuse 
is  carried  over  this  rear  end  by  the  grate  in  making  the  timi  over 
the  rear  sprocket.  In  some  cases  auxiliary  dumping  grates  at  the 
rear  of  the  chain  grates  are  used  with  success. 

Generally  a  bridge  wall  water  box  or  similar  device  at  the  rear  serves  as 
a  seal  to  prevent  the  admission  of  excess  air  at  that  point,  and  in  some  cases 
closes  up  the  rear  portion  of  the  fire  by  partly  obstructing  its  passage 
over  the  rear  of  the  grate. 

« 

Ques.  For  what  class  of  fuel  is  the  chain  stoker  well 
adapted? 

Ans.  It  is  well  adapted  to  burning  low  grades  of  coal  running 
high  in  ash  and  volatile  matter. 

More  stokers  of  the  chain  grate  type  have  been  devised  than  of  any  other 
one  class .  For  these ,  observations  on  practice  made  by  the  U .  S  .Geological 
Survey  indicate  that  the  depth  of  fire  usually  carried  is  5  inches  with  western 
coals  and  4  to  4)/^  inches  with  eastern  coals. 

The  Department  gives  as  the  results  of  its  investigation  that  in  operation 
of  the  chain  grate  it  should  be  run  so  that  volatile  matter  is  all  driven  off 
by  the  time  the  coal  has  traveled  J^  the  length  of  the  grate,  the  travel 


Pig.  4,348. — Text  continued. 

The  ratchet  arm  referred  to  is  driven  from  an  eccentric  rod,  the  radius  of  whose  attachment 
to  the  ratchet  anti  may  be  changed  at  will  to  increase  or  decrease  the  amount  of  feed  for  each 
rervolution  of  the  eccentric.  A  spring  safety  stop  in  the  eccentric  rod  limits  the  power  which 
may  be  transmitted  from  the  eccentric,  to  prevent  breakage  in  case  any  foreign  object 
blocks  the  motion  of  the  stoker.  By  simply  lifting  the  pawls  out  of  engagement  with  the 
ratchet  wheel  and  applying  a  crank  to  the  squared  end  of  the  worm  shaft,  the  grate  may  be 
run  in  or  out  oy  hand.  It  is  one  of  the  requirements  in  the  erection  of  the  stoker  that  one . 
man  be  able  to  operate  the  grate  in  either  direction  with  this  crank  before  any  power  la 
applied. 
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along  the  rest  of  the  grate  being  used  in  burning  the  fixed  combustible 
and  heating  air  for  the  furnace. 

The  grate  should  not  be  run  so  fast  as  to  be  hot  when  re-entering  the 
furnace.  Variable  load  may  be  carried  with  the  chain  grate  by  changing 
the  thickness  of  fire,  speed  and  damper  position  to  suit  the  load,  but  the 
draught  should  never  be  reduced  below  the  certain  minimum  at  which  smoke 
win  result. 

Ques.  Mention  one  characteristic  of  operation  of  chain 
stokers. 

Ans.  Cleaning  of  the  fire  is  continuous  and  automatic, 
hence  no  periods  occur  when  smoke  will  necessarily  be  produced. 

Ques.  What  important  advantage  do  chain  stokers 
possess? 

Ans.  They  can  be  withdrawn  from  the  furnace  for  inspection 
or  repairs  without  interfering  in  any  way  with  the  boiler  setting, 
being  provided  wijh  wheels  and  track  for  this  purpose. 

Instructions 

for  operating 

Babcock  &  Wilcox  Chain  Grate  Stoker 

Generally  one  operator  and  one  coal  passer  can  handle  about  ten  chain 
grate  stokers.  With  chain  grates  either  natural  or  forced  draught  can  be 
used,  althouhg  certain  Coals  are  not  adapted  to  use  forced  draught  success- 
fully. Chain  grates  are  usually  large  in  area  for  the  boiler,  when  compared 
with  other  tjrpes  of  stokers;  the  normal  forcing  capacity  averaging  260%  of 
boiler  rating,  with  the  combustion  rate  up  to  48  potmds  per  square  foot 
per  hour,  with  coal  suitable  for  the  stoker.  With  low  ash  coal,  this  rate 
of  driving  would  probably  cause  the  grate  to  become  overheated,  and  high 
maintenance  cost  would  result.  To  obtain  best  operating  results,  it  is 
essential  that  the  draught  be  under  control,  and  that  wide  open  and  tight 
shut  positions  of  the  damper  be  determined  and  marked,  and  that  dampers 
operate  readily  between  these  positions. 

All  gate  leveling  bolts  can  be  adjusted  to  obtain  a  uniform  fuel  bed,  but, 
before  making  this  adjustment  to  correct  an  uneven  fire,  be  sure  that  it 
is  due  to  the  gates  and  not  to  other  causes.  Some  settings  provide  definite 
arch  ventilation,  and  the  openin^js  through  the  side  and  curtain  walls  must 
be  kept  dear,  and  indicate  air  circulation. 
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If  the  ledge  plate  flanges  provided  in  some  settings  have  been  dis- 
tributed by  the  settling  of  the  brick  work,  they  should  be  set  to  within 
}/%  inch  of  the  stoker  chain,  to  cut  off  air  leaks  between  the  chain  and 
furnace  wall. 

For  efficient  operation,  no  unconsumed  fuel  should  be  carried  over  the 
end  of  the  grate,  and  frequent  gas  analyses  should  be  made.  A  few  days* 
experimenting  will  determine  the  proper  relation  between  fuel  bed  thick- 
ness and  speed  of  grate.  See  that  all  air  openings  around  the  front  of  the 
stoker  are  effectuaJly  closed. 

If  the  fire  tend  to  draw  away  from  the  gate,  decrease  the  speed,  increase 
the  thickness  of  the  fuel  or  adjust  the  dampers.  The  thickness  of  the  fuel 
bed  is  shown  on  the  gate  indicator.  Variation  in  gate  height  is  necessary 
with  coals  varying  in  fineness  and  in  volatile  proportions.  It  is  better  to 
run  a  thick  fire  slowly  than  thin  fires  rapidly.  The  average  speed  should 
be  about  3J^  inches  per  minute.  Keep  the  grate  covered  by  closing  the 
dampers  and  slowing  down  the  stoker  with  decreasing  load,  and  vice  versa 
with  increasing  load.  Keep  the  bottom  side  of  the  feed  gate  tile  in  line, 
as  an  imeven  fuel  bed  makes  an  uneven  fire.  Insert  new  tHes  when  the  old 
ones  are  burned  or  broken  down.  Dampers  should  not  be  entirely  closed 
during  operation.  A  furnace  draught  of  Vio  inch  should  be  the  lowest 
draught  permitted. 

If  the  fire  tend  to  pass  over  into  the  ash  pit,  the  fuel  feed  is  too  fast 
or  too  thick,  or  the  fiuTiace  is  given  insufficient  draught.  The  fuel  should  be 
just  consumed  upon  reaching  the  rear  turning  point.  The  back  end  olthe 
grate  should  never  become  bare  of  live  coals. 

Adhesions  usually  form  on  the  side  walls.  About  once  in  6  hours  nm  a 
bar  imder  the  hopper  apron  and  gate,  being  careful  not  to  dislodge  the  gate 
tile.  This  should  be  repeated  regularly,  as  often  as  necessary  to  keep  the 
side  wall  clean  and  prevent  the  side  links  from  being  burned. 

Ashes  should  not  be  allowed  to  acciunulate  in  a  pile  around  the  chain. 
This  may  tend  to  overheat  it ,  and  bum  it  out .  Neither  should  the  drippings 
of  coal  be  allowed  to  accumulate.  Put  a  little  back  into  the  hopper  at  a 
time,  a  large  amount  will  act  to  make  holes  in  the  fire.  It  is  not  a  bad 
plan  to  wet  the  drippings.  Do  not  stop  the  stoker  for  anv  length  of  time 
with  the  hopper  full  of  coal,  as  the  fire  will  bum  forward  and  injure  the 
gate.  Do  not  run  short  fires  with  the  damper  wide  open,  as  high  brick- 
work maintenance  and  poor  economy  will  result.  Do  not  try  to  regulate 
the  fire  by  opening  the  doors  in  the  stoker  setting.  In  washing  out  the 
boiler,  be  careful  not  to  wet  the  stoker  arch,  as  nothing  is  more  injurious. 
Keep  the  arch  dry.  With  a  coking  coal,  it  is  necessary  to  nm  a  slice  bar 
through  the  fuel  bed  occasionally  to  break  it  up  and  permit  free  passage 
of  air.  • 

If  run  at  proper  speed,  so  that  no  unconsumed  fuel  runs  over  the  end, 
the  links  at  the  stoker  front  can  be  touched  with  safety.  The  speed 
should  be  such  that  all  volatile  matter  will  have  been  driven  off  the  coal 
by  the  time  it  has  traveled  not  more  than  half  the  length  of  the  grate. 
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Varying  loads  can  be  easily  taken  care  of  by  proper  regulation  of  the 
thidcness  of  the  fuel  bed  and  the  speed  of  the  grate.  The  damper  will 
have  to  be  regulated  accordingly.  Instiffident  draught  causes  smoke  in 
the  stack  and  possibly  in  the  feed  hopi)er.  If  smoke  be  noticeable  in 
the  feed  hopper,  allow  it  to  empty  and  inspect  the  gate  shoes  to  deter- 
mine whether  they  are  being  burned.  If  so,  allow  the  hopper  to  remain 
empty  until  the  shoes  cool  off. 

To  force  the  fire,  open  the  boiler  damper  wide,  speed  up  the  grate, 
lower  the  feed  gate  and  loosen  up  the  coal.  A  Ji-inch  bar  with  a  6-inch 
bend  at  the  end  can  be  tised.  Run  it  through  the  furnace  with  the  6-inch 
leg  flat  on  the  grate.  When  at  the  rear,  turn  the  bar  completely  over 
and  pull  it  out.  Continue  until  the  whole  grate  has  been  gone  over.  Never 
disturb  the  top  surface  of  the  fuel  bed. 

To  bank  the  fire,  let  the  hopper  empty,  stop  the  grate,  partly  dose 
the  damper,  giving  Vio-inch  draught  in  the  furnace,  until  the  fire  bums  short. 
Close  the  damper  almost  to  the  smoking  point.  Loosely  bank  the  ooal 
against  the  lower  edge  of  the  gate,  allowing  a  little  air  to  get  through. 

At  intervals  of  5  hours  run  the  grate  ahead  a  little. 

To  bring  a  banked  fire  up  to  rating,  stir  up  the  fuel  bed  with  a  bar, 
partly  open  the  damper,  lower  the  gate  to  the  operative  point,  fill  the  hopper 
and,  as  soon  as  the  ardi  is  thoroughly  heated,  start  the  stoker  at  a  rate 
that  will  keep  the  fuel  ignited  at  the  gate.  When  the  grate  is  completely 
covered,  the  damper  may  be  opened  and  normal  operation  begun. 
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CHAPTER  76 
OIL  BURNERS 


Ihe  term  oil  burner  may  be  defined  as  an  erroneous  title  for  any 
device  wherein  oil  fuel  is  atomized  or  vaporized  previous  to  igni- 
iion.  In  order  that  everybody  may  understand  what  the  au- 
thor is  trying  to  explain,  he  will  overlook  the  error  and  use  the 
common  term,  oil  burner. 

Requirements  for  Burning  Oil  Fuel. — ^There  are  several 
conditions  which  must  be  fulfilled  to  properly  bum  oil: 

1.  Its  atomization  or  vaporization  must  be  thorough. 

This  reqtiirement  is  met  by  the  selection  of  a  proper  burner. 

2.  When  atomized  it  must  be  brought  into  contact  with  the  requisite 
quantity  of  air  for  its  combustion,  and  this  quantity  must  be  at  the  same 
tmie  a  minimum  to  obviate  loss  in  stack  gases. 

3.  The  mixture  must  be  burned  in  a  furnace  where  refractory  material 
radiates  heat  to  assist  in  the  combustion,  and  the  furnace  must  stand  up 
under  the  high  temperatures  developed. 

4.  The  combustion  must  be  completed  before  the  gases  come  into  contact 
with  the  heating  surfaces  or  otherwise  the  flame  will  be  extinguisked,  pos- 
sibly to  ignite  later  in  the  flue  connection  or  in  the  stack. 

5.  There  must  be  no  localization  of  the  heat  on  certain  portions  of  the 
heating  surfaces  or  trouble  will  result  from  overheating  and  blistering. 

The  foregoing  requirements  are  fulfilled: 

1.  By  the  selection  of  a  proper  burner. 

2.  By  properly  introducing  the  air  into  the  furnace,  either  through 
checker- work  under  the  burners  or  through  openings  around  them,  and 
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3 .  By  installing  a  furnace  so  designed  a£  to  give  a  sufficient  area  of  heated 
brick  work  to  radiate  the  heat  required  to  maintain  a  proper  furnace  tem- 
perature. 

4.  By  giving  ample  space  for  the  combustion  of  the  mixture  of  atomized 
oiland  air,  and  a  gas  travel  of  sufficient  length  to  insure  that  this  combustion 
be  completed  before  the  gases  strike  the  heating  surfaces. 


WITHOUT  BRH)6E, 


fig.  4,3*0  the  flam. 


'ArrangemeaC  of  oil  [umace  for  naCer  tube  boileis  with  hoiiz 


6.  By  the  adoption  of  a  suitable  burner  in  connection  ^th  the  furnace, 
meeting  the  other  requirements.  A  burner  must  be  used  from  which  the 
flame  will  not  impinge  directly  on  the  heating  surface  and  must  be  located 
where  such  action  cannot  take  place.  If  suitable  burners  properly  located 
be  not  used,  not  only  is  the  heat  localized  with  disastrous  results,  but  the 
efficiency  is  lowered  by  the  cooling  of  the  gases  before  combustion  is 
completed. 
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Furnace  Design. — This  is  an  important  feature  of  any  oil 
burning  system,  as  poor  economy  is  nearly  always  due  to  im- 
proper furnace  conditions.  Moreover,  upon  the  design  of  the 
furnace  depends  to  a  great  extent,  the  capacity  of  the  boiler. 
With  a  correctly  designed  furnace  a  very  high  overload  may  be 
carried  without  injuring  the  boiler. 

The  practice  of  using  brick  arches,  checker  work,  target  walls, 
etc.,  is  unnecessary  and  is  frequently  the  cause  of  the  burning 
out  of  tubes  or  bagging  the  boiler.  With  such  arrangement  the 
cost  of  furnace  repairs  becomes  very  high  and  they  are  likewise 
often  the  cause  of  interruptions  of  service. 


Figs.  4,353  and  4,354. — ^Faulty  and  well  designed  furnace  for  Sterling  boilers, 
the  flame  is  liable  to  impinge  on  the  tubes. 


In  fig.  4,353 


Ques.    What  is  the  objection  to  target  walls? 

Ans.     They  not  only  limit  capacity  but  cause  a  localization  of 
heat. 

Ques.    How  should  the  furnace  be  designed  ? 

Ans.     It  must  be  so  arranged  that  the  flame  will  not  impinge 
on  either  the  boiler  or  brick  work. 

The  disastrous  effects  of  the  blow  pipe  action  of  the  oil  flame  on  the  metal 
of  boilers  is  well  known 

To  secure  the  best  results,  the  furnace  must  be  so  arranged  that  1,  all 
air  must  pass  through  the  flame,  2,  the  atomized  oil  must  be  completely 
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burned  while  suspended  in  the  air,  3,  a  large  surface  of  brick  work  must  be 
exposed  near  the  flame,  and  4,  the  flame  ought  to  be  distributed  over  a 
la^e  aerea. 

Ques.    What  causes  the  brick  work  to  "melt  out?" 

Ans.     This  is  due  to  the  intense  heat,  and  sometimes  to  certain 
agents,  present  in  some  oils  which  cause  a  fluxing  action. 

Points  Relating  to  Oil  Burning  Plants.—In  fitting  up  a 
plant  for  oil  burning,  the  following  points  are  important: 

1.  Provide  ample  means  for  delivering  clean  hot  oil  to  the  burners. 


L 


under  Sterling  boiler. 
id  Wilcoi  baU«. 

2.  Select  a  type  of  burner  that  will  maintain  a  flame  in  a  cold  furnace. 

In  designing  a  furnace,  practice  has  shown: 

1.  That  practically  all  air  must  pass  through  the  flame. 

2.  The  flame  must  not  be  allowed  to  impinge  directly  on  either  boiler 
sheets,  tubes  or  brick  work. 

3.  That  the  flame  produces  better  results  when  worked  near  hot  brick. 

4.  Distribute  over  as  large  an  area  as  pos^ble  to  prevent  localization  of 
heat. 

5.  That  every  precaution  must  be  taken  to  guard  against  excess  air. 
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Oil  Burners. — There  are  a  great  variety  of  burners,  and  they 
may  be  classified  in  several  ways. 


1.  With  respect  to  the  gasifying  process,  as: 

a.  Vaporizers. 
h.  Sprayers. 


2.  With  respect  to  the  atomizing  agent,  as: 

a.  Air; 
6.  Steam. 


steam- 


Fig.  4^7.  M>rooUng  burner.  The  oil  to  be  atomized  passes  out  and  down  from  the  upper 
passage,  where  it  meets  air  or  steam  issuing  from  the  lower  passage,  and  being  caught  by 
the  rapidly  escaping  and  expanding  air  or  steam  is  thoroughly  sprayed. 


3.  With  respect  to  the  method  of  spraying,  as: 

/drooling; 
a.  Outside  mvdnz\^^^. 

^centrifugal; 

i  chamber  * 
injector;* 
centrifugaL 


What  is  an  outside  mixing  burner? 

One  in  which  oil  and  atomizing  agent  meet  outside  the  burner. 
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Drooling  Burner. — ^The  oil  supply  simply  drools  or  oozes  out,  at  the  orifice 
over  and  on  to  the  steam  or  air  jet  as  m  figure  4,357.  In  operation^  as  the  steam 
or  air  issues  forth  it  expands  within  the  layer  or  film  of  oil  which  is  beine 
carried  into  the  furnace.  * 

Atomizer  Burner.-r-Tihe  oil  is  brought  through  an  orifice  from  which  it 
is  8we{)t  off  by  a  brush  of  steam  or  air  as  in  fig.  4,358.  It  is  the  principle  made 
use  of  in  the  ordinary  cologne  spraying  devices. 
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STEAM 


Fig.  4,358.  Atomizer  burner.     The  oil  is  brought  through  an  orifice  directly  across  the  path  of 
the  jet  of  air  or  steam  and  is  "brushed"  off  by  the  latter  and  sprayed. 

Projector  Burner. — ^The  oil  is  pumped  to  the  oil  orifice  and  from  there 
is  caught  by  a  passing  gust  of  steam  and  is  blown  off  as  in  fig.  4,359. 
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Fig.  4,369 .  Projector  burner.  The  oil  is  pumped  to  the  oil  orifice  and  caught  by  the  air  or  steam 
jets  which  are  located  some  distance  baclc  of  the  oil  orifice. 


Outside  Centrifugal  Burner, — ^The  oil  is  lead  through  the  hollow  spindle 
of  a  disc,  which  is  rotated  at  high  speed  by  a  jet  of  steam  acting  on  vanes 
attached  to  the  circumference  of  the  disc,  and,  overflowing  onto  the  disc  at  its 
center,  is  hurled  off  the  disc  by  centrifugal  force  and  ignited  by  a  torch,  pro- 
ducing a  ring  of  flame  as  in  fig.  4,360. 
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Fic.  4.361.  iDiide  centrifugal  burner.   Ai  contirucllon.  at  the  end  of  the  pipe  A, 
the  oil,  the  oil  passage  B.  in  tapered  down  tt>  the  openinK  C,  through  which  the  oil  ii 

The  lerlea  of  slanting  vanee  D,  on  the  rod  E,  defltct  the  oil  andlireaklt  up  Into- _- 

cuRentt,  each  of  which  has  a  whirling  motion  ai  it  enteii  the  space  F,  aiound  the  end  G.  of 

the  rod.    The  centrifngal  force  due  to  the  whirling  motion  given  by  the  vanea  cs * 

gDtay  to  ipread  on  leavmg  the  burner  u  shown  by  the  diverging  linea. 
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These  separate  currents  are  intermingled  at  the  orifice  and  on  emerging  spread 
out  in  diverging  lines. 

What  is  an  inside  mixing  burner? 

One  in  which  the  oil  and  atomizing  agent  meet  inside  the 
burner. 
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Fig.  4,362.  injector  inside  mizins  burner. 


Inside  Centrifugal  Burner, — In  the  end  of  the  pipe  near  the  nozzle  is 
placed  a  series  of  slanting  vanes  as  shown  in  fig.4,361  which  deflect  the  oil  and 
break  it  up  into  a  number  of  currents,  each  of  which  has  a  whirling  motion. 
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STEAM' 


Pig.  4. 363. -duxmber  burner.    The  oil  and  steam  are  more  or  less  mixed  before  issuing  from 
the  burner.    With  this  burner  the  oil  is  heated  before  leaving  the  burner. 


Injector  Burner. — ^The  principle  here  employed  is  similar  to  the  injector 
used  for  boiler  feeding.  In  operation,  the  steam  and  oil  mingle  within  cone 
shaped  passages  and,  as  a  mixture,  pass  through  a  contracted  nozzle  and  then 
outward  through  a  reversed  flaring  cone,  as  in  fig. 4,362. 
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Chamber  Burner. — 'The  oil  and  ateam  are  more  ch-  lesa  minted  withm  the 
body  of  the  burner  aa  in  fiR.4,383and  pass  out  from  the  tip  or  nozzle  aa  a  mix- 
ture, and  then,  owing  to  the  expansion  of  the  steam,  the  oil  is  rapidly  broken 
into  minute  putides. 


ill 
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So  Called  Mechanical  Burnen. — ■These  burners  are  properly  termed 
centrifugal  burners.  In  these  burners  the  oil  is  given  a  whirling  motion, 
preferably,  within  the  burner  tip.  This  is  done  either  by  forcing  the  oil 
through  a  passage  of  helical  form  or  by  delivering  it  tangentially  to  a  circular 
chamber  from  which  there  is  a  central  outlet.  The  oil  is  fed  to  these  burners 
under  a  pressure  which  varies  with  the  make  of  the  burner  and  the  rates  at 
which  individual  burners  are  using  oil. 

The  oil  particles  fly  off  from  such  a  burner  !n  straight  lines  in  the  form  of  a 
cone  rather  than  in  the  form  of  a  spiral  spray,  as  might  be  supposed. 

Where,  in  the  spray  burners,  air  is  ordinarily  admitted  through  a  checker- 
work  under  the  burner  proper,  with  the  mechanical  burner,  it  is  almost  uni- 
versally admitted  around  the  burner. 

ENLAHSED  SECTION  T 


iNNECTION 
land4,372.Peabody  bunier  and  pipe  connection*. 

Steam  Consumption  of  Burners. — The  Bureau  of  Steam  Engi- 
neering, U.  S.  Navy,  made  in  1901  an  exhaustive  series  of  tests 
of  various  oil  burners  that  may  be  considered  as  representing,  in 
so  far  as  the  performance  of  the  burners  themselves  is  concerned, 
the  practice  of  that  time.  These  tests  showed  that  a  burner 
utilizing  air  as  an  atomizing  agent,  required  for  compressing  the 
air  from  1.06  to  7,45  per  cent  of  the  total  steam  generated,  the 
average  being  3.18  per  cent.  Four  tests  of  steam  atomizing 
burners  showed  a  consimiption  of  3.98  to  5.77  per  cent  of  the 
total  steam,  the  average  being  4.8  per  cent. 


OIL  BURNERS 


2,499 


experiments  show  that  a  good  steam  atomizing  burner  will  require  approxi- 
matel>r  2  per  cent  of  the  total  steam  generated  by  the  boiler  operated  at  or 
about  its  rated  capacity.  This  figure  will  decrease  as  the  capacity  is  increased 
and  is  so  low  as  to  be  practically  negligible,  except  in  cases  where  the  question 
of  loss  of  feed  water  is  all  important. 

There  are  no  figures  available  as  to  the  actual  steam  consumption  of  me- 
dianical  atomizing  burners  but  apparently  this  is  small  if  the  requirement  be 
understood  to  be  entirely  apart  from  the  steam  consumption  of  the  apparatus 
producing  the  forced  blaist. 


m  §^ 


TIP 


WASHER 


NOZZLE 


STRAINER 


CAP 


FiGS.4.373to4,378.Peabody  burner  and  parts.  Oil  is  delivered  under  i»:e88ure  to  an  annular 
channel  cut  into  the  face  of  a  nozzle  upon  which  is  screwed  a  tip  having  a  very  small  central 
chamber  communicating  with  a  discharge  orifice.  Between  the  nozzle  and  the  tip  a  thin  washer 
or  chamber  disc  is  inserted  and  held  firmly  in  place.  This  has  a  hole  in  the  center  corresponding 
with  the  diameter  of  the  central  chamber  of  the  tip,  and  small  slots  or  ducts,  extending 
tangentially  from  the  edges  of  the  central  opening  outward  toward  the  periphery  of  the  washer, 
long  enough  to  overlap  ;he  annular  channel  of  the  nozzle  and  put  it  in  communication  with 
the  central  chamber.  The  effect  is  that,  when  the  burner  is  assembled  with  the  washer  in 
idace,  oil  is  delivered  through  the  ducts  tangentially  to  the  central  chamber  where  it  rapidly 
revolves  and  almost  immediately  is  discharged  through  the  orifice  in  the  tip.  The  burner  is 
connected  as  shown  in  fig.  4.311. 


Capacity  of  Burners. — ^As  rated  by  manufacturers,  burners  may 
be  obtained  in  sizes  ranging  from  one,  to  over  four  hundred 
horse  power.  The  question  of  capacity  of  individual  burners  is 
largely  one  of  the  proper  relation  between  the  number  of  burners 
used  and  the  furnace  volume. 

In  some  recent  tests  with  a  Babcock  &  Wilcox  boiler  of  640  rated  horse 
power,  equipped  with  three  burners,  approximately  1,350  horse  power  was 
developed  with  an  available  draft  of  the  .55  inches  at  the  damper  or  450  horse 
power  per  burner.    Four  burners  were  also  tried  in  the  same  furnace  but  the 
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0  horse  power  or  in  this  instance  338 

From  the  nature  of  mechanical  atomizing  burners,  individual  burners  have 
not  as  large  a  capacity  as  the  steam  atomizing  class.  In  some  tests  on  a  Bab- 
cock  &  Witcox  marine  boiler,  equipped  with  mechanical  atomizing  bumera, 
the  maximum  horse  power  developed  per  burner  was  approximately  108. 
Here  again  the  burner  capacity  is  largely  one  of  proper  relation  between  fur- 
nace vidume  and  number  of  burners. 

Fuznace  Design. — ^Too  much  stress  cannot  be  laid  on  the  im- 
portance of  furnace  design  for  the  use  of  this  class  of  fuel.  Pro- 
vided a  good  type  of  burner  be  adopted,  the  furnace  arrangement 
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EUid  the  method  of  introducing  air  for  combustion  into  the  furnace 
are  the  all  important  factors.  No  matter  what  type  of  bumsF  be 
used,  satisfactory  results  cannot  be  secured  in  a  furnace  not 
suited  to  the  fuel. 
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What  are  the  chief  pdnts  to  consider  in  furnace  design? 

The  furnace  should  be  of  such  sha[>e,  volume  and  arrangement 
that  the  cx>inbustion  of  the  gases  is  completed  in  the  body  and 
that  the  gases  are  suitably  retarded  so  that  all  possible  heat  is 
absorbed  by  the  heating  surface. 

How  should  the  burners  be  located? 
They  should  be  so  placed  that  the  products  of  combustion. 
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as  they  leave  the  oil,  bumlag  first,  do  not  impinge  on  the  eold 
tubes  and  metal  of  the  boiler. 

It  ia  important  to  keep  the  side  and  bottom  burners  far  enough  from  the 
aide  and  bottom  walla  to  prevent  the  formation  of  heavy  masses  of  carlxin  by 
the  oil  spray,  as  these  nusaes  will  eventually  produce  poorer  comliiistion. 
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The  flames  from  mechanical  atomiziii);  humeri  have  a  lesci  velocity  of  pro- 
jection than  those  from  steam  atomizing  burners  and  if  introduced  into  the 
higher  end  of  the  furnace,  should  not  lead  to  tube  difficulties  provided  they  are 
properly  located  and  operated.  This  class  of  burner  also  will  give  the  most 
satisfactory  results  if  introduced  so  Chat  the  flames  travel  in  the  direction  erf 
increase  in  furnace  volume. 

Operation  of  Burners. — When  burners  are  not  in  use,  or  when 
they  are  being  started  up,  care  must  be  taken  to  prevent  the  oil 


Fic.4,3SI.Moiiaicb  all  brass  burner.  It  I9  a  comblnatiDn  burner  for  ■ 
pressure,  and  ie  adjusted  by  tbe  cenier  luck  nut  worliing  backward  01 
IjIpcB  are  regulated  with  standard  valves  and  the  oil  adjusted  by  ne«d]e 

flowing  and  collecting  on  the  floor  of  the  furnace  before  it  is 
ignited.  In  starting  a  burner,  the  atomized  fuel  may  be  ignited 
by  a  burning  wad  of  oil  soaked  waste  held  before  it  on  an  iron 
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rod.  To  insure  quick  ignition,  the  steam  supply  should  be  cut 
down.  But  little  practice  is  required  to  become  an  adept  at 
lighting  an  oil  fire.  When  ignition  has  taken  place  and  the  fur- 
nace brought  to  an  even  heat,  the  steam  should  be  cut  down  to  the 
minimum  amount  required  for  atomization.  This  amount  can 
be  determined  from  the  appearance  of  the  flame.  If  sufficient 
steam  be  not  supplied,  particles  of  burning  oil  will  drop  to  the 


Fig.  4.382.  Koerting  oil  burning  installation  for  Scotch  boilers.  The  outfit  comprizes:  A, 
centrifugal  oil  sprayer;  B,  circulating  line  of  heating;  C,  Cock;  E.  exhaust  of  pump;  F,  filter; 
H,  oil  heater;  O.  safety  valve;  P.  steam  pump;  R.  reducing  valve;  S.  oil  supply  line;  T, 
thermometer;  V,  air  vessel;  AR,  air  register;  CW,  condensed  water;  FB,  fire  brick;  SP,  steam 
pressure  line.  The  full  section  of  the  furnace  is  used,  the  grate  being  unnecessary.  Therefore 
there  is  a  gain  in  heating  surface.  The  heating  and  resulting  expansion  is  equal,  and  all  the 
-water  surrounding  the  tubes  is  correspondingly  heated.  The  short  fire  clay  lining  in  the  fur- 
nace serves  as  a  protection  against  the  intense  temperature  of  the  oil  flame,  and  enables  the 
boiler  to  be  readily  set  to  work  after  a  short  interruption;  the  oil  ignites  on  the  incandescent 
fire-clay. 

furnace  floor,  giving  a  scintillating  appearance  to  the  flame.  The 
steam  valves  should  be  opened  just  sufficiently  to  overcome  this 
scintillating  action. 

Air  Supply. — From  the  nature  of  the  fuel  and  the  method  of 
burning,  the  quantity  of  air  for  combustion  may  be  minimized. 
As  with  other  fuels,  when  the  amount  of  air  admitted  is  the  min- 
imum which  will  completely  consume  the  oil,  the  results  are  the 
best.     The  excess  or  deficiency  of  air  can  be  judged  by  the 
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Fig.  *.384.  Correct  method  of  .urting  »«•(  oil  bumw.    Open  furnace 

!  door  and 

keep  It  open 

xaa  large 

aa  a  Eat  with 

^Msne,  light  it  and  hd!d  wlcji  pair^rf  lo^a  undM^nose  of  burner. 

.    Openat 

«mi»T  vdve 

Blightly.    As  the  flame  from  the  burning  waste   drawa  into  the 
open  full  the  globe  valve  an  the  oU  line,  then  cetefully  turn  on  t 

combuati 

on   chamber, 

he  oil  by 

means  of  the 

■  entering  the 

(uel.  after  which  the  furnace  can  be  heated  to  the  required  temperati 

lire  by  tnr 

nluK  on  more 

oil  and  air  through  the  burner,  also  be  feeding  blast  air  through  tb( 

3le  above  te- 

.  furnace,  but 

wiU  scale  or  oxidize  the  metal.    Conltol  oil  euppl/  bo  that  no  smolie  i 

from  furnace. 

IT  heat  should  be  kept  In  fun 


iairoffromlSIbe.u 
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appearance  of  the  stack  or  by  observing  the  gases  passing  through 

the  boiler  settings. 

What  are  the  air  supply  hidications? 

A  perfectly  clear  stack  indicates  excess  air,  whereas   smoke 
indicates  a  deficiency. 
How  is  the  proper  air  supply  best  gauged? 


temperature.  To[irovideagainstdaneeiincaK thelivf 
open  when  tbe  pumpa  an  not  ruDning,  a  safety  valve  i 
dosed  oil  relief  valve  is  provided  to  pirvent  eiceraive  c 
ber  andouiup  dlachaise  disinber  are  provided  with  pi 


By  running  near  the  smoking  point  with  a  slight  haze  in  the 
gases. 

A  sl^ht  variation  in  the  air  supply  will  affect  the  furnace  conditions  in  an 
oil  burning  boiler  niore  than  the  same  variation  where  coal  is  used,  and  for 
this  reason  it  ia  of  the  utmost  importance  that  flue  gas  analysis  be  made 
frequently  on  oil  burning  boilers.  ^ 
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Wth  the  air  for  combustion  properly  regulated  by  adjustment  of  any  check- 
erwork  or  any  other  device  which  may  be  used,  and  the  dampers  carefully  setL 
ibe  flue  gas  analysis  should  show,  for  good  furnace  conditions,  between  13  and 
14  per  oent,  of  COi  with  either  no  CD  or  but  a  trace. 

In  boiler  plant  operation  it  is  difficult  to  regulate  the  steam  eup|>ly  to  the 
burners  and  the  damper  position  to  meet  sudden  and  repeated  vanations  in 
the  load.  A  device  has  been  patented  which  automatically  regulates  by  means 
of  the  boiler  pressure  the  pressure  of  the  steam  to  the  burners,  the  oil  to  the 
burners  and  the  position  of  the  boiler  damper.  Such  a  device  has  been  showa 
to  give  good  results  in  plant  operation  where  hand  regulation  is  difficult  at 
best,  and  in  many  instances  is  unfortunately  not  even  attempted. 


o   O/f/nlttOtKt 


Efficiency  with  OU. — Aa  pointed  out  in  enumerating  the  ad- 
vantages of  oil  fuel  over  coal,  higher  efficiencies  are  obtainable 
with  the  former.     With  boilers  of  aooroximatelv  500  horse  Dower 
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equipped  with  properly  designed  furnaces  and  burners,  an  ef- 
ficiency of  83  per  cent  is  possible  or  making  an  allowance  of  2 
per  cent  for  steam  used  by  burners,  a  net  efficiency  of  81  per  cent, 
The  conditions  under  which  such  efficiencies  are  to  be  secured  are 
distinctly  test  conditions  m  which  careful  operation  is  a  prime 
requisite. 


S.  Snt  hl^  pmiiirFtypcbuiner.  for  Usht  or  heavy  <Hl.ortar. 

im  attta  the  oil  at  tight  tfn^efl^    By  relauna  the  Kt  acrew  in  _ .    _  .. 

iy  obatiuction  that  might  BnA  lu  my  tbrouBb  the  air  line  can  be  blown  out. 


■iG.4,ae3. Beat  burner 

mounted  (m  boiler. 

The  burner 

Is  connected  to  nioi 

ng  of  sufficient 

lencth: 

mghl 

:he  ftont  getting  ol  boQet.     By  means  of  the  by  pass  va 

]veany/orei«n 

liter  the  oil  pines  can  be  blown  ou 

t.      The  atomiier  lii 

)  Is  hinced  and 

MdtiShtMal™ 

rthe* 

^yofthe^KSir. 

but  means  are 

the  Up  to  blow 

out  the 

atomizer 

plpei 

lubnanceBuch 

as  scale,  red  lead,  et< 

:..  should  lodBi 

tberelD. 

Thiac! 

mbe 

.e  burner  from  bc^et. 

-^ 
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an  for  Bciill  vatic*!  boilers  up  to  20  hum  Dower. 
«.3M  uid  *.a»7  fin  boi  disosBernbled  ihowin^ 
ached  the  lupply  a 


the  oil  level  uid  the  < 


Figs  l.aBSto'. 

The  burner  eonsista  rf  two  cup  shaped  ■ 


'Id  t^euier  firmly  by  tl; 


thlrdofiUcircmnfere 

Gand  H.are  (aimed,  extending  atwut  one-tturd  ot  thr 
floim  tbrbush  the  upper  castinE  C.  and  drools  ovei  [he 
Theitettinfloiw*  tbrctugh  the  lower  casting  D.  and  facat 
oltnid  iprayltiglteoaato  produce  a  wide  fan  shaped  & 
due  to  eroBion  comes  on  the  disc  E,  vhich  can  be  rene«i 
incnt  of  the  tegulaijnc  valves  for  oil  aid  iteun  and  of  I 
dwt  alrsulir  daaibed. 


hwhen  btliy"  "n.    Thearra"^ 
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With  furnace  conditions  that  are  not  conducive  to  the  best 
combustion,  this  figure  may  be  decreased  by  from  5  to  10  per 
cent. 

In  large  properly  designed  plants,  however,  the  first  named 
efficiency  may  be  approached  for  uniform  running  conditions, 
the  nearness  to  which  it  is  reached  depending  on  the  intelligence 
of  the  operating  crew. 


p^i^  r-^S  r  ^Ji 


PiGS.4.401t(t4^11.Fu[nace  front  for  Dahl  mechanical  oil  bumfnc  syetem.  Th<i  syetem  has  b«cn 
adopted  by  many  of  the  Pacific  coast  Eteamship  companiei,  and  wai  the  lint  mechaoial 
syMem  to  euccesafully  operate  with  the  heavy  California  oils.  The  burner  Is  elmple,  havtns 
only  a.  few  parts,  consisting  of  a  tip,  ato™'""  =•"!— r  •„>_  o-h  ..ni.,.      rt.^  ,^,^,,.n^..  ^ 

The  furnace  front  as  shown  is  so  arrang — . — 

of  which  ia  a  cone  os  deflector  which  can  be  sdiusi 


iroper  Quantity  of  air  Just  when  it  is  needed.    The  f  roi 
if  aiefurnr-  ■-  —■"--■  ---■  ■•■-  '-^-' '-  '-  ~  '■- 


,. le  bricicworic  is  so  fitted  that  lepelts  and  examloatloa  < 

be  made  without  removing  it. 


It  must  be  remembered  that  the  use  of  oil  fuel  presents  to  the 
careless  operator  possibilities  for  wastefulness  much  greater  than 
in  plants  where  coal  is  fired,  and  it  therefore  pays  to  go  carefully 
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Flcs.1.412and4,413.Typiial  seCtini  of  Billow,  clan  DM.  a 
cuburetCn.    Tht  obHrvatlon  port  ibow  thf  tuyere  bl 
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Water-gas  Tar. — ^Water-gas  tar,  or  gas  house  tar,  is  a  by- 
product of  the  coal  used  in  the  manufacture  of  water  gas.  It  is 
slightly  heavier  than  crude  oil  and  has  a  comparatively  low  flash 
point.  In  burning,  it  should  be  heated  only  to  a  temperature 
which  makes  it  sufficiently  fluid,  and  any  furnace  suitable  for 
crude  oil  is  in  general  suitable  for  water-gas  tar.  Care  should 
be  taken  where  this  fuel  is  used  to  install  a  suitable  apparatus 
for  straining  it  before  it  is  fed  to  the  burner. 


FiGS.4,415to4,417.Boot/k  oil  burner  with  pipe  connections.  The  body  of  the  burner  consists 
of  a  box-shaped  casting  A,  that  is  set  horizontally.  It  contains  two  passages,  B  and  C,  oil 
being  admitted  to  the  former  through  the  pipe  D,  and  steam  to  the  latter  through  the  pipe 
E.  The  oil  flows  outward  through  the  wide,  shallow  slot  F,  at  the  tip  of  the  burner  and 
drools  downward  across  the  end.  An  adjustable  steel  plate  G,  is  bolted  across  the  steam 
orifice.  This  plate  has  a  long  notch  cut  in  the  top  edge,  forming  the  outlet  H ,  for  the  steam, 
and  on  the  inside  it  is  beveled  so  as  to  direct  the  steam  upward  toward  the  orifice.  The 
escaping  steam  sweeps  along  the  under  side  of  the  burner  tip,  and  in  expanding,  sprays  the 
oil  that  runs  down  from  the  upper  slot.  The  bolts  that  hold  the  plate  G,  in  place,  pass 
through  long  vertical  slots  in  the  plate,  and  this  construction  allows  the  plate  to  be  moved 
up  or  down  to  give  the  desired  depth  of  slot  H.  This  adjustment,  of  course,  is  made  when 
the  burner  is  disconnected  and  not  in  use.  The  arrangement  of  the  piping  is  simple.  The 
supply  of  steam  is  brought  to  the  burner  through  the  pipe  E,  the  flow  being  regulated  by 
the  valve  I.  In  the  same  way  a  valve  J,  in  the  oil  line  D,  is  used  to  control  the  rate  of  flow 
of  the  oil.  Between  the  oil  pipe  and  the  steam  pipe  is  inserted  a  short  connection  fitted  with 
a  valve  K.  This  serves  as  a  by  pass  to  admit  steam  to  the  oil  passage  when  it  becomes 
necessary  to  clean  out  the  passage.  The  oil  valve  J,  and  the  steam  valve  I,  are  first  closed 
and  then  the  by  pass  valve  K,  is  opened.  The  steam  rushes  through  the  oil  passage,  and  its 
heat  and  its  cutting  action  together  scour  the  passage  clean.  The  steam  passage  may  be 
cleaned  by  removing  the  plate  G,  completely,  and  allowing  steam  to  blow  through  at  full 
pressure.    The  passages  in  the  burner  are  straught  and  fairly  large  to  avoid  frequent  clogging. 

It  would  appear  from  experiments  that  such  a  combination  gives  satis- 
factory results  from  the  standpoint  of  both  capacity  and  efficiency,  if  the  two 
fuels  are  burned  in  separate  furnaces.  Satisfactory  results  cannot  ordinarily 
be  obtained  when  it  is  attempted  to  burn  oil  fuel  m  the  same  furnace  as  the 
primary  fuel,  as  it  is  practically  impossible  to  admit  the  proper  amount  of 
air  for  combustion  for  each  of  the  two  fuels  simultaneously. 
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Burning  Oil  in  Connection  with  Other  Fuels. — Considerable 
attention  has  been  recently  given  to  the  burning  of  oil  In  con- 
nection with  other  fuels,  and  a  combination  of  this  sort  may  be 
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Fig.  4.429.  Diagram  of  filling  pipes  and  relay  tanks  U.'  S.  S.  Pennsylvania.  Two  6-in.  pipes 
with  valves  are  located  on  each  side  of  the  ship,  connecting  with  one  8-in.  filling  pipe  on  each 
side,  which  runs  to  the  relay  tank.  The  latter  is  fitted  with  a  removable  cover  and  a  large 
(10-in.)  overflow  closed  by  a  relief  valve  with  a  very  light  spring.  Filling  pipes  lead  from 
the  relay  tank  to  the  storage  tanks,  and  it  is  evident  that  the  greatest  pressure  which  can 
be  put  on  the  latter  is  that  due  to  the  head  from  the  relay  tank,  which  can  be  reduced  to  a 
smaller  amount  by  suitably  locating  such  tank.  The  vent  pipes  from  the  storage  tanks  lead 
into  the  relay  tank,  which  is  fitted  with  a  common  vent  pipe  leading  to  the  atmosphere 
and  covered  at  the  end  with  wire  gauze.  The  supply  pipes  to  the  relay  tanks  are  fitted  with 
quick  closing  valves  and  the  relay  tank  is  equipped  with  a  gauge  glass  to  mark  the  level  of 
the  oil.  Also  an  annunciator  at  the  relay  tank,  operating  from  the  "pneumercators"  fitted 
in  the  storage  tanks,  gives  warning  when  the  latter  are  95%  full.  On  the  relay  tank  which 
is  used  only  in  filling  and  not  for  permanent  storage,  the  fitting  of  a  gauge  glass  is  no  doubt 
justified,  but  the  use  of  fittings  of  any  kind  on  the  outside  of  the  tanks  below  the  oil  level  ia 
in  general  very  bad  practice,  and  should  be  avoided  where  possible.  Floating  suctions,  in 
storage  tanks,  for  taking  the  oil  from  a  point  near  the  surface  are  no  longer  considered 
necessary,  the  usual  practice  being  to  use  a  high  and  low  suction,  i.  «.,  two  pipes  either 
separate  or  connected  through  a  manifold,  one  taking  the  oil  from  a  level  12  to  18  inches 
from  the  bottom  of  the  tank  and  the  other  from  a  point  within  a  few  inches  of  it — not 
more  than  four  inches.  The  upper  suction  is  used  for  regular  service,  and  at  all  times 
except  in  emergency — or  when  the  supply  is  very  low  or  when  the  low  suction  is  employed 
to  pump  overboard  water  or  very  dirty  oil  which  has  accumulated  at  the  very  bottom  of 
the  tank. 


advisable  either  with  the  view  to  increasing  the  boiler  capacity 
to  assist  for  heavy  demands,  or  to  keep  the  boiler  in  operation 
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I  where  there  is  the  possibiHty 

8  of  a  temporary  failure  of  the 

I  primary  fuel. 

.g|  Conversion  of  vessels  (or 

„^  use  with  coal  or  oil. — ^While 

.a-5  the  U.  S.  Navy  has  definitely 

1 2  adopted  oil  fuel  for  all  classes 
■2  a  of  service  and  the  later  vessels 
:|'|  are  constructed  without  pro- 
's e  vision  for  coal  bunkers,  it  may 
t'S  appear  of  advantage  to  the 
■3|  mercantile  vessel  owner  to  be 
■"^  ready  to  use  either  fuel.  This 
|.|  can  be  easily  accomplished  if 
I H  means  are  provided  for  carry- 
t;ii  ing  coal  fuel. 

Ik 
■S3 

5^  The  change  of  the  boilers 

"  8  consists  merely  of  removal  of 

|.-=  the  burners  and  oil  piping, 

1^  air  controling  mechanism  and 

'sj  special  brickwork   that   may 

1^  have  been  used,  and  substitu- 

^1  tion  of  a  few  necessaries,  such 

i%  as  grate  bars  and  fire  doors. 

'S  Where      steam     atomizmg 

gl  burners  are   used,    the  grate 

13  bars  and  bearers  are  usually 
gl  retained  while  burning  oil, 
-*|  and  merely  covered  with  a 
I  ■  protecting  layer  of  fire  brick. 
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The  changes  in  the  bunkers  also  are  simple,  if  proper  precautions  are 
taken  beforehand. 

Mr.  George  ^mpson,  the  well  koown  naval  architect,  gives  the  foHpw- 
ing  rules  for  arranging  the  bunkers  for  alternate  use  with  either  fuel: 


Fica.4,433  to4,*Si.BBlltg  burner.    In  coiulruclJOn  a  quick dsUduble  coupBiw  futeml 
with  a  yo\a  l>  uKd  to  hold  tbe  burner  In  poiicion  and  a  woodcD  handle  may  be  Mtemd  Into 
th*  humrr  rlhow  to  fuclUcaW  handllns.     A  stwl  tube  Ib  tcnwed  into  the  cauplini  caMInc 
1>  screved  a  compoiitian  nonle  vbkb  ti  adapted  to  it- 
central  chambei  M-in.  In  diameter.    A  ipcdal  plu  of 
he  chambet,  so  tliat  the  actual  volume  (rfthe 

_otion  ii  adjustable.    Groove*  In  the  threaded 

portkm  o(  the  tip  aie  provided  foe  dellveiins  the  oil  under  prcsnire  to  an  annuloi  (pace  Juat 
ooUHe  the  central  chamber.  OU  paiHB  to  the  central  cSamber  through  two  amall  open- 
.__.._.       ....  ■- drilled  In  the  tipat  an  antleof  about  45' toaiJaneat  right  amis 

!r.    ThcK  channels  are  tannntlal  to  the  side*  of  the  central  cham- 

enters  the  chombci  it  acquire*  a  rapid  whlrilni  niation  and  Inues 

from  the  orifice  In  the  tip  la  a  finely  divided  conical  spny. 


adjustable  length  la  screwed  Into 


rf  the  bun 


SpeciRctttlon  for  Coal  or  Fuel  Oil  Bunker 


ral  Dmerlptlon .— "  The  crou 

oil  tight  bulkhead  dividing  th< 
""""  """""  nhall  be  partial  n 


nnged  adjacent  to  the  fire  room  and  to 
Btermined  lapaeity.     There  ahall  be  a 

.  eitendinc  througholj-    ' 


'O 
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u  to  provide  chaonel*  for  the*dinl»tion  of  the  air.    The  pe»si««  u 

give  the  air  a  rotary  motloa.  Outilde  ttiii  (rid  there  Ii  a  cover  which  may  be  revidved  by 
meaiu  of  a  lever',  thi»  cover  is  eloited  to  conetpond  with  the  air  i»nagea  In  the  truanted 
cone,  and  thui  serve*  as  a  means  for  regulaCiriE  the  quantity  of  the  enterini  air  or  for  doi- 
ins  It  off  enCiiely.  Inside  tbe  cast  iron  irld  there  j*  another  truncated  cone  of  dUmnt 
ditnentioas  desiannl  to  protect  the  tip  of  the  burner  from  direct  impact  of  the  ain  tUt  Is 
sliown  partly  in  sectiun  In  the  drawlni.  The  burner  i«  installed  thraugh  the  small  end  of 
tbe  tmncatnl  cpne,  and  la  this  particular  desixn  the  burner  is  inclined  slightly  upward  from 
the  horizontal  line  In  order  to  give  an  upward  sweep  to  the  spray  as  it  enters  the  furnace. 
The  deslan  Is  adapted  to  opeiate  natural  draft,  but  tiot  forced  draft. 


Fia.l.43Stoi.440WuvBurM 
lecdr  Into  a  heavy  nr-'  —'■ 


«d  burner  (designed  by  Lieut.  Starr).   The  oU  passes  df- 

_  _. nd  of  which  is  recessed  to  receive  a  steel  plug  which  is 

-h  faces  the  tip  of  the  bumei.  at  an  ancle  of  about  20*  with  a  plane 
., ....  .. -...  _.. ,  ., ..     ...    i,  faced  off  sn—-  -- 


give  a  flat  Burfac:  which  corresponds  in  diameter  with  a  recess  in  the  steel  tip.  which  la  tun 
communicates  with  the  outlet  orifice  through  a  small  conical  ctiamber.  On  the  conical  faci 
of  the  plug  four  grooves  are  cut  which  are  tangential  to  the  chamber  in  the  lip.  The  oi 
reaches  the  outer  ends  of  these  tangential  channels  by  passing  through  a  hole  drilled  in  thi 
center  of  the  plug  whicb  communicales  with  another  hole  drilled  at  right  angles  to  same 
thus  delivering  the  oil  to  an  annular  chamber  formed  by  a  recess  machined  in  the  side  o 
the  plug.  The  steel  Up  itself  screits  on  to  the  end  of  the  oil  pipe  in  such  a  way  as  to  pro 
vide  a  tsrge  chamber  to  receive  the  plug,  which  latter  was  originally  intended  to  be  movabli 
to  the  direction  of  the  ails  of  the  burner,  the  idea  behig  that  this  "floating"  plug  would  b- 
lield  tightly  against  the  tip  ordinarily  by  the  pressure  of  the  oil,  but  in  case  of  dirt  gettini 
into  one  of  the  tangential  channels,  the  piessuie  woujd  force  it  through  by  driving  Ihe  piuj 
back  dlghtly  from  its  seat  on  the  tip.  In  practice  it  has  been  found  necessary,  however 
tn  use  ■  unatl  lead  Basket  Co  hold  the  plug  Simly  against  the  tip,  as  the  oU  pressure  couk 
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■The  tatehway  ihall  o 
vith  two  oil  batches. 

(Ml  ti§ht  Bulkhtadt. 


K  21"  In  hcicht  plati 


■The  oU  Oil 

quired  by  IJoyd's  Aulw  for  oil  tight  weak,  i  ne  center  ime  m 
bottom  to  coallDE  hatch  with  plaCini  and  BtlSeneii  to  Lloyd 
HalchiroB.— "A  Bteel  cover  on  top  of  the  24"  coaming 
ananged  wlih  hlngei  and  drop  holls  to  enable  the  whole  of  ci 
coaling  purpoam,  and  when  carrying  oil  tills  cover  will  be  an 
and  the  cover  screwed  down  and  madeoil  tight.     In  addition  th 


^leodftom  inner 
tchway  shall  be 


TiG.i.ii'i.MooTt  A Scotthatna.  Theotlta  delivered  to  the  chamber comnunlcating  with 
the  dlKherge  orifice,  through  oil  passages  cut  in  the  sides  and  on  the  end  of  a  plug  which 
ii  adjustable  [n  the  direction  of  Che  axis  by  means  of  a  spindle  passing  completeiy  through 
the  burner;  a  special  strainer  is  used  and  the  union  for  connectini  the  oil  piping  Is  fitted 
with  a  Bpeoal  msans  for  detaching  quickly. 
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ly  cover  arranged  h  ai  to  be  readily  opened  snd  fitted  wilb  pi 

Coa[  Boon. — "Tbc  stokehoid  bulkhead  Co  be  arranged  vith  coal  doore  of  t 

ilona.  the  framea  of  which  ihall  be  secured  with  bolta  and  nuis  bo  as  to  be  te. 

nben  changmE  over  to  oil,  and  b  steel  plate  cover  substituted  and  get  up  on  a  lamp  vtck  SHket, 
or  alternatively,  the  plate  may  be  riveted  in  place  and  caulked- 

Fuet  Oil  Sgitem.—''T.u:  fuel  oil  Eyslem  shall  consiaC  of  n  high  and  a  low  nction  la  each 
tank  led  to  Warren  or  other  suitable  oil  fuel  pumpa  with  the  usual  arrangement  of  hsterSi 
duplet  strainers,  meters  and  thermometers,  the  whole  system  being  cross  connected  and  io- 
terchangeable  eo  that  the  break  down  of  one  pump  need  not  put  that  particular  unit  of  the 

so  cross  connected  that  each  can  handle  Its  own  oi  opposite  system. 

Flaalln. — "Generally  there  is  no  practical  difficulty  In  arranging  a.  cross  bunker  for  th« 


Fig.  i.447.  IThtta  burner:  extensively  used  in  merchant  vessels  on  the  Atlantic  coast.  The 
mechanism  for  giving  the  oil  a  whlrliog  motion  consists  of  a  plug  which  seat*  against 
the  Inner  lurface  of  the  lip  and  is  held  in  position  by  a  spring.  Oil  passes  aloni  the  groove* 
cat  In  the  cylindrical  portion  of  the  plug  and  then  along  the  corresponding  grooves  cut  in 
the  ctmicalead.whlchareaoarrangedas  to  deliver  the  oirtangentially  to  the  central  cham- 
ber in  the  tip  ajid  at  an  angle  of  about  4i°  to  a  plane  at  right  angles  to  the  ails. 
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•towage  of  either  coal  or  fuel  oil  provided  the  hatchway  is  made  large  enough  and  arranged 
with  a  steel  cover.  Care  should  oe  observed  in  arranging  the  wing  swash  plates  that  they 
^lall  only  extend  for  the  upper  part,  thus  permitting  the  coal  to  gravitate  fredy  to  the  bunker 
doors. 

"With  a  system  such  as  has  been  outlined  in  the  foregoing,  a  change  over  from  one  fud 
to  the  other  can  be  made  in  a  few  hours." 


Fig.  4,448.  WhlU  air  control.  The  air  passes  into  the  hollow  furnace  front  through  ducts 
which  give  it  a  rotary  motion,  and  the  metal  work  of  this  part  is  intentionally  exposed  to 
the  radiant  heat  of  the  furnace  for  the  purpose  of  heating  the  air  before  it  enters  the  fur- 
nace. The  flaring  sleeve  around  the  burner  is  adjustable  in  the  line  of  the  axis  of  the  burner 
and  it  will  be  noticed  that  a  small  amount  of  air  is  admitted  directly  around  the  tip  throoi^ 
the  opening  in  the  sleeve.  It  is  claimed  that  the  "Venturi  meter"  efifect  of  the  portion  of 
the  apparatus  where  the  air  enters  the  furnace  is  of  benefit  in  promoting  combustion. 


NoTs. — Falves.  For  valves  on  suction  lines  designed  for  viscous  oils,  the  gate  valvt 
is  preferable,  on  account  of  reduced  friction.  On  delivery  lines,  globe  valves  of  a  regnnding 
type  give  satisfaction.  There  is  no  occasion  to  use  needle  vsdves.  Where  fine  regiUation  is 
requjired,  as  in  some  cases  with  steam  atomizers,  there  are  several  types  of  valve  which  open 
gradually  on  slotted  or  "V"  shaped  passages  which  give  better  and  more  consistent  results 
than  the  needle  type.  All  valves  for  high  pressure  work  should  be  extra  heavy  with  bonnets 
screwed  over,  not  into,  the  valve  body.  Specially  designed  and  packed  plug  cocks  may  be 
used  in  small  sizes  for  quick  action.  • 
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Fig.  4.US.  5«tloiial  view  of  Bcbcock  «  Wlleai 


burnt/*.  Thet 


a  wtiich  ptomolea  a 


Note. — Stouage  on  board. — By  no  i 

ii  Its  adBpUbility  far  itotage  ia  almoet  ani 
or  in  tanlu  remote  from  the  fireroom,  or 
taken  to  prevent  and  to  df  tKt  leakage  f  loi 
qaentlr  coffer  dams  aie  built  around  the 


oil  Is  easily  handled,  the  feasibility  of  its  uK  oi 
to  keep  it  where  it  is  stowed  until  it  ia  puraced 


Bhowint  furnace  and  Peabodf 
roup  of  tubes  direct  the  taata  to 
t  Ihefurnace  increases  in  height 

long  lines  nearly  parallel  or  at  a 

'ery  evea  distlibutioa  of  the  name  along  the 

east  of  the  advantages  of  oil  over  coal 
e  vessel— in  the  ordinary  bunker  space, 
hottoms.     Special  precautions  must  be 

'Cote'dam'a'\roiind\he  oil  tanks  are 
.saificalion  Societies,  eicept  where  "low 

la  primarily  oi 
-  deen  tank- 
partly  fill! 


given  off  by  the  oil.     .... 

ind  Eometimes  in  dcsUoyers  or  vessels  of  low  f  ceeboard 
'es  at  the  end  Instead  at  the  simple  goose  neck,  tot  dl9> 
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Strainers. — The  comparatively  small  orifice  of  the  mechanical 
sprayer  necessitates  special  care  being  taken  in  straining  the  oil. 
Most  makes  of  burner  are  fitted  with  individual  strainers,  that 
used  in  the  Peabody  burner  being  shown  in  fig.  4,378. 

The  spool  is  wrapped  with  three  ttims  of  brass  netting  of  40  to  the  inch 
mesh,  fastened  with  No.^  20  gauge  brass  wire. 

Furnace  Walls. — In  laying  up  brick  walls  and  flooring  of  oil 
furnaces,  provision  should  be  made  for  expansion,  but  it  is  worth 
noting  in  this  connection,  that  there  is  a  great  difference  in  the 
coefficient  of  expansion  of  fire  brick.  It  is  possible  to  secure 
highly  refractory  brick  and  tiles  made  of  material  which  expands 
but  slightly,  not  over  ^  in.  in  9  in. 

The  Babcock  &  Wiloox  Company  tises  a  light  wash  for  making  joints,  com* 
IX)sed  of  15  parts  (by  weight)  ot  fire  day,  5  parts  of  carborundum  sand,  and  1 
part  silicate  of  soda. 

The  special  high  temperature  cements  on  the  market  are  a  needless  expense 
for  new  work  but  are  very  effective  for  repairs,  where  they  find  a  special  field 
of  usefulness. 

It  is  a  good  idea  to  throw  a  few  old  glass  bottles  into  the  furnace  to  make  a 
glaze  on  the  bottom  stirf  ace  and  fill  the  cracks. 


NOTE. — Sounding  pipea  for  measuring  depth  of  oil  in  the  tanks  are  prorided.  These 
should  be  of  ample  size,  ansrthing  less  than  2^  ui*  being  unreliable  for  deep  tanks  in  which 
viscous  Mexican  oil  is  carried.  It  is  advisable  to  drill  small  holes  in  these  pipes  to  give  free 
access  to  the  oil  at  all  depths,  as  it  is  possible  for  some  difference  in  density  to  exist  at  the 
various  levels,  if  the  oil  has  been  standing  for  some  time.  Heavier  oil  at  the  bottom  wpuld 
give  an  erroneous  reading  if  the  sounding  pipe  were  open  at  the  bottom  end  only. 

NOTE. — In  cloBed  tanks  the  combined  area  of  the  vents  and  sounding  pii>e8  must  be 
sufficient  to  provide  an  adequate  overflow  in  the  case  of  too  rapid  filling,  which  might  put  an 
undue  pressure  on  the  tank.  For  this  reason,  when  tanks  in  the  lower  i>art  of  the  vessel,  such 
as  the  double  bottoms,  are  used  for  oil,  it  is  advisable  to  fill  through  a  system  of  relay  tanlcs 
which  eliminates  the  danger  of  a  large  "head'*  of  oil  exerting  a  heavy  pressure  on  the  storage 
tanks. 
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■--L- 


Baldwin  oil  burning  locomotive  burner.    It  cossiEtsat  a  brass  casting  provided 

with  an  adjustable  copper  plate  as  shcwa.  The  end  of  the  burner  is  so  shaped  that  the  stream 
of  oil  is  di»Ji&rged  dowawaid,  meeting  tbo  steam  jet  faefoni  the  velod^  of  the  latter  has 


materially  decreued. 


sr  the  top  through  which  the 

. direction  isplactid  in  the  pan 

-length .    Admission  of  air  above  the  fire  U  effected  throufth  the  fito  h<    •   '  "      '  — 


regulate  draught.  The 


r  clean  tho  tubes  ofsoot.  The  crude  petroleum  used  is  ft  heavy  blaclcliquidand  must  be 
'armed  to  insure  a  steady  flow  to  burner.  The  heater  provided  for  this  purpose  consists  of 
long  Bteam  iaclceted  pipe  through  which  tho  oB  flows.  .Tbe  oil  feed  cock  is  placed  between 


Tfi'?il''t'aQli:'Si 


id  damper  regulation  Bi 
elinesffichdosMinca.- 
ider  is  arranged  to  fit  into 
ipted  to  coalliiel. 


NOTE. — BatB  lo  Art  oil  buri^nff  locontotivem.  The  following  rules  are  important; 
FtUInt  oil  tankM.  Torches  must  not  be  brought  nearer  than  ten  feet  from  tank.  In  Slling 
tank  leave  margin  of  2  ins.  for  expansion  of  the  oil.  After  Ailing  clamp  down  manhole  cover. 
Starting  lira.  A  locomotive  having  20  lbs.  steam  pressurecan  operate  its  own  blower  and 
atomizer.    See  that  bottom  o£  fire  box  in  front  of  burner  is  free  from  carbon  or  obstructions. 

sufficiently  to  carry  oil  to  the  burning  waste,  and  then  regulator  until  tho  oil  is  Eown  to  be 

hole.  Afteroilisignitedcarsfully  regulate  atomiser  and  oil  valve  so  that  all  oil  passing  through 
burner  is  being  consumed.  Don't  luin  on  k/omuch  oit.  If  fire  go  out ,  do  not  attempt  to  relight 
it  from  the  heated  brick  as  there  is  dangeroE  an  explosion.     If  in  starting  up,  wood  be  used 

IndlcailonM.  Afiiehaving  a  bright.  cEearcolor  denotes  propercombustiont  while  a  firQ  burning 
with  a  dark  smoky  flame  indicates  the  leveiie.  Black  smoke  should  be  avoided.  AiJuMtmtnt 
ot  burner.  The  burner  should  be  adjusted  so  that  the  blaie  will  not  strike  tho  top.  bottom, 
or  side  of  the  arch  before  striking  the  Sash  wall  to  avoid  black  smoke.    Handling  atontlitr 


bottom  of  the  I 


t  is  detrimental  to  the  tubes  and  staj  bolU. 
so  that  it  will  just  keep  oil  from  dropping  into 
uld  be  cleaned  out  well  after  leaving  tenninal, 
lack  smoke  issues  from  stack,  Ceneral  AInt*. 
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CHAPTER  76 
BOILER  SETTINGS 


Most  writers  in  treating  of  boiler  settings  begin  and  stop 
with  the  setting  for  a  horizontal  return  tubular  boiler.  Although 
this  is  the  most  elaborate  setting  it  is  by  no  means  the  only  kind 
of  setting.  Accordingly,  no  chapter  or  book  on  settings  is  com- 
plete which  is  devoted  exclusively  to  horizontal  tubular  boiler 
settings,  nor  is  the  arrangement  logical  which  begins  with  this 
most  complicated  form  of  setting. 

Boilers  are  either  self-contained,  or  require  brick  work  or  equiva- 
lent to  enclose  the  furnace  and  combustion  passages  leading  to 
the  tubes. 

The  self-contained  class  require  no  "setting"  in  the  ordinary  sense  of 
the  term,  but  to  enlarge  the  scope  of  this  chapter,  the  author  defines 
setting  as  a  support  or  foundation'  for  a  self-contained  boiler,  or  a  mass  of 
brick  work  or  equivalent  comprising  the  foundation  and  enclosure  for  furnace 
and  combustion  passages  of  an  externally  fired  boiler,  together  with  the  necessary 
iron  fixtures  or  trimmings,  exclusive  of  grate. 

Marine  Boiler  Settings. — These  consist  simply  of  members 
designed  1,  to  support  the  weight  of  the  boiler,  and  2,  to  hold  the 
boiler  firmly  in  place.  The  important  problem  which  presents 
itself  is  to  distribute  the  weight  by  rigid  supports  over  a  con- 
siderable portion  of  the  hull  to  prevent  undue  strains  coming  on 
the  latter.  This  is  particularly  important  in  the  case  of  lightly 
constructed  vessels  such  as  high  speed  yachts. 
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Fig.  4.452. — Settins  for  maiiiu  vertical  boiler,  ahoninsioetliod  of  secuiinf  the  holdina  doim 
bolts  to  the  keelsons  without  wralrenine  tha  Istler.  By  attachiSB  tb«a  bolts  to  atuoe  Inxu 
fastened  to  the  IteeUons  along  the  ceutial  axis  no  voodia  cut  away  is  other  puta,  tbnmtha 
etiffnesi  of  the  Inelson.  whicb  w  so  essential,  is  not  JmiiUTed. 


Figs.  4 .463  to  4  ^5S. — Detail  otholdingdown  bolts  tor  vertical  msnoe  boiler  and  vuw  of  setting 
rw  h«1  Eo  arTBnaed  as  *j)  distribute  the  weight  over  a  laige  area.    The  two  keetoona  are 

[«ting  on  tha  floors  (sea  fif. 


to  which.the  holding  down  bolts  sr«  attached, 

PoclarBa  boiteis  there  may  be  four  keelsons, 

'~id  for  tha  engine.    The  longer  these  keelsc . . 

id  distributee  the  weight  of  the  boiler  over  a  large : 


of  lag  Bcrewa  and  givea  a  very  strong  light  wei^t  eomtriictkin. 

ly  be  four  keelsons,  tlte  inner  two  bebig  extended  aft  to  form  the 
longer  these  keelsons,  the  better,  as  it  adds  stiffness  to  the  BuU 
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Pigs.  4,462  to  4,465  show  one  form  of  setting  or  bed  for  vertical  boiler. 
As  ahowu,  no  wood  is  cut  away  for  the  holding  down  of  bolts,  except  at  the 
neutral  axis,  thus  the  stiffness  of  the  supporting  members  is  not  reduced. 
Where  boilers  are  supported  by  wooden  membCTS,  a  liberal  thickness  of 
asbestos  board  should  be  provided  between  the  wood  and  metal  to  jaiDtect 
the  wood  from  the  heat. 

Western  River  Boll^  Settings.— A  peculiar  characteristic  of 
the  power  plants  for  Western  river  steam  boats  is  that  the  boiler 
is  placed  on  deck  instead  of  at  a  lower  level  near  the  bottom.    This 


Fio.  4.4W. — Hofimntsl  marine  Ixuter  uddle.  The  weuht  of  the  boiler  is  supported  OjI 
uddlee  or  bearers  which  are  attached  to  tha  stmcture  of  ^le  ahip.  There  are  sevual  of  these 
uddles  on  each  aide  of  the  boiler,  each  eitending  a  little  distance  longitudinallv  to  give  a 
firm  bearing. 

necessitates  some  form  of  deck  reinforcement  to  support  the 
weight. 

Both  self-contained  and  externally  fired  boilers  are  commonly 
ttsed,  the  formei-  class  being  in  favor  for  small  and  mediirai  sized 
boats,  the  two  types  in  general  being  the  locomotive  and  gun 
boat  boilers 
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On  gunboat  boilers  saddles  are  used  in  c 
transmitted  through  these  to  longitudinal  b 
rods,  as  shown  in  fig.  4,456. 

Stationary  Vertical  Boiler  Settii^. — This  being  a  self-con- 
tained boiler,  the  setting  consists  simply  of  a  foundation  suffi- 


L 


Pic.  4, 4fi7.— Setting  for  locomotivo  boiler  a)  in 
sldds  which  corns  with  the  boiler  provide  an  eic 
boiler  over  a  number  of  iba  tiBusveise  deck  be 

dently  strong  to  support  the  boiler.  Either  concrete  or  brick- 
work may  be  used.  The  setting  may  be  either  solid  as  in  fig. 
4,461  or  hollow  as  in  fig.  4,459  and  4,460. 

Horizontal  Return  Tubular  Boiler  Settings.— This  type 
of  boiler  requires  an  elaborate  setting,  as  the  latter  forms  the 
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furnace  and  combustion  chambers,  and  with  lug  supports,  cames 
the  weight  of  the  boiler.    The  setting  consists  of: 

1.  Foundation. 

2.  Enclosing  walls. 

3.  Bridge  wall. 


Pic.  4.4SS.— Setting  for  EiinboBtboilei  as  instBlled  on  Western  nvET  steamboats.  Tti 
T«sts  on  saddles  which  in  turn  are  supported  by  cross  pieces  placed  on  top  of  Ions 
beams,  the  latter  being  stiifened  by  s»y  rods-  In  vtectian  these  guy  rods  should  I 
fully  adjusted  by  means  of  the  tumbuckle  so  that  the  load  will  be  equally  divided. 


4.  Combustion  chamber. 

5.  Top  covering. 

6.  Arch. 

7.  Trimmings. 

Foundation. — In   selecting   the   location   of  a   boiler   it    is 
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— .      rtical  boiler  having  cut  iron  bue  or  uli  pit. 

le  top  of  the  foundatioa  should  be  ilightly  Ufger  t£>ui 
u^  baM  of  the  boiler,  and  should  slope  outirani  60  Ad 
toobtaiaadditioiial  atnfora  fiim  Bupport.  TbeBia- 
Vfltioa  thould  BXteod  down  to  finn  autfa.  Sand  malna  ■ 
good  foundation  bed  orerioft  earth,  it  tfie  earth  be  of  b 
quaht^  that  win  retain  the  laiid  in  position.   Whan  tb* 


|]  depth  below  the  flnt  line. 


,460  end  4,481. — Detail  of  w^ght  distributer  plate  for  Manoinp  type  vertiesl  boikr 
ollow  setting  of  briclcwork-  In  placing  the  diatributing  piste  or  iron  cap  on  top  of  the 
work,  it  should  be  carefully  levelled,  because  of  the  considerable  height  of  thaboiler, 
B  should  be  good  conUct  over  its  outer  surface.  To  do  this,  level  the  cap  with 
ind  thenpoHriiliCT-oiif  between  the  cap  and  brickwork,  allowing  the  ^lout  and  brick- 
let  thoroughly  before  placing  the  boiler  in  position.  When  the   boiler  is  wovide' 
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important  to  consider  the  nature  o£  the  soil  upon  which  it  is  to 
rest,  because  unless  a  firm  foundation  be  provided,  trouble  is  quite 
sure  to  result  in  the  way  of  cracked  setting  walls  and  leaky  steam 
pipe  joints  caused  by  sprung  piping  when  the  foundation  settles. 

The  required  size  and  sham 
power  of  the  soil,  the  weight 


wheu  full  of  water  and  fitted  with  such  accessories  as  rest  on  the  foundation. 
With  a  boiler  resting  directly  on  the  side  walls  of  the  setting  the  side  wall 
footings  may  be  assumed  to  bear  the  entire  weight  of  the  boiler  as  a,  uni- 
formly distributed  load.  EKcept  where  the  soil  is  poor  it  will  not  be  neces- 
sary to  make  the  width  of  the  footings  more  than  8  inches  greater  than  the 
thickness  of  the  setting  walls. 

P^.  4,462  to  4,464  show  settings  for  overhanging  and  flush  froat  boilers, 
the  various  dimensions,  as  indicated  by  the  reference  letters  being  given 
in  the  accompanying  table,  from  which  the  size  of  foundation  for  any  size 
boiler  is  easily  obtamed. 

Allowing  a  factor  of  safety  of  10  the  bearing  power  of  the  poorest  kin<^. 
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of  rock  is  estimated  at  18 
tons  per  square  foot  while 
the  bearing  power  of  the 
strongest  rock,  such  as 
granite,  runs  as  high  as  150 
tonspersquarefoot.  Thus 
any  kind  of  rock  makes  the 
iinest  of  natural  founda- 
tions. All  that  isnecessary 
is  to  level  the  rock  oR 
roughly  and  put  down  a 
thin  mat  of  cone 
which  to  build. 


I  Quea.    What  is  the 

I  nature  of  clay? 

I  Ans.      It     varies    in 

I  character    from    Hard 

I  slate  or  shale,  which  will 

S  sustain     practically    as 

^  much  pressure  as  rock, 

J  to  soft,  moist  day  which 

1  will    flow    from    under 

2  comparatively  moderate 
J  loads  of  one  ton  or  less 
£  per  square  foot . 

t 

I  Oues.  Will  the 
I  ,  softer  clays  sustain 
^.|  the  weight  of  any 
^-S  ordinary  boiler? 

S|  Ans.  Yes,  when  in 
§1  thick,  horizontal  beds 
■^  I  and  not  too  wet  nor  un- 
^  '  dermined  by  springs. 
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I         Ques.    What 
I      precaution  should 


be   taken   with 
footings? 

Ans.  Theyshcrald 

1  be    made    deep 

2  enough    to    extend 
*      below  the  first  line 

which  in  most 
localities    is   not 

SI     greater     than     five 

'^     feet. 


I 


h 


Ques.  Are 
coarse  gravel  and 
sand  desirable 
materials? 

Ans,  Coarse 
gravel  in  a  thick 
layer  is  a  very  fine 
■foundation  and  it 
will  withstand  jjres  ■ 
sures  up  to  8  or  10 
tons  per  square  foot 
Fine  sand  if  satur- 
ated with  water, 
makes  a  poor  foun- 
dation if  there  be 
any  tendency  for 
the  water  to  drain 
away   easily.      Dry 
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sand  will  withstand 
from  2  to  4  tons 
pressure  per  square 
foot. 


Oues.  What 
must  be  done;  In 
case  of  mud,  silt 
or  quick  sand  ? 

Ans.  Kin  a  thin 
layer,  it  may  be 
possible  to  exca- 
vate to  the  gravel, 
clay  or  rock  sub- 
stratum and  carry 
the  foundations 
down  to  rest  on 
this  firm  grotmd 
beneath.  In  thick 
layers  it  is  often 
necessary  to  «3rive 
piles  and  cap  them 
with  a  mat  of  con- 
crete to  carry  the 
load. 


Where  the  soil  is 
not  too  soft  a  good 
foundation  may  be 
made  by  laying  a  solid 
sheet  of  concrete,  2  or 
3  feet  thick,  over  the 
entire  area  beneath 
the  boiler,  suitably 
reinforced  with  iron 
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rods  or  <AA  tiails  i 
bedded   i 


a  Crete.    This  gives  a 

■  large    bearine    area 

•  and  the  load  is  go 

I  distributed  that  the 

I  pressure   per   square 

I  foot  is  not  so  great  as 

«  to  cause  settling. 


I  Ques.    What  is 

J  J  the  usual  limit  of 

||  pressure    on    the 

Is  Ans,      Two    tons 

|1  per  square  foot. 

|jf  Accordingly,     the 

Ib  ordinary    footings 

£%  such  as  shown  in  figs. 

n  4,463  and  4,464,  are 

t  f  sufficient,      except 

^  a~  where  the  soil  consists 

;|'|  of  made,  or  filled  in 

t  •  ground,  quicksand  or 

j|  soft   wet    clay.     For 

J'*  moderately  firm  clay 

J I  a  footing  sole  under 

■*l  the  entire  area  of  the 

i|  boiler,     as     akeady 

il    " 


described,  will  prove 
itisfactoiy. 


■I  Where  there  is 
83  doubt  as  to  the  nature 
^5  of  the  soil  it  is  ad- 
3-3  visable  to  call  in 
■si  someone  who  is  corn- 
el petent  to  give  good 
^S  advice  rather  than 
gl  risk  future  trouble 
'^  due  to  poor  founda- 
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Ques.  How  are 
the  footings  pro- 
portioned for 
boilers  supported 
by  columns? 

Ans.  As  practic- 
ally the  entire  load  is 
concentrated  on  the 
column  f ootingsthey 
must  be  made  large 
enough  to  distribute 
the  pressure  over 
such  area  that  the 
pressure  per  square 
foot  comes  within  a 
safe  limit. 


NOTE.— **  The  he9t 
way  to  learn  how  to  do  mason 
work  is  to  observe  that  which 
is  being  demolished.  A  man 
was  employed  in  a  growing 
establishment  that  removed 
a  great  many  buildings,  foun- 
dations, etc.,  and  had  the  op- 
portunity to  study  the  result 
of  different  methods .  He  has 
seen  brick  walls  pushed  over. 
In  some,  the  bricks  have  been 
broken  and  when  these  were 
cleaned  it  required  a  large 
amount  of  labor.  In  others, 
when  the  wall  fell  the  bricks 
all  separated  readily  and  were 
cleaned  with  little  trouble. 
When  the  first  were  laid  the 
bricks  were  wet,  or  there  was 
cement  in  the  mortar.  In 
some  cases  the  voids  between 
the  briclK  were  only  partially 
filled  and  the  wall  came  to 
pieces  easily  although  the 
mortar  adhered  to  the  bricks. 
Observing  the  above,  engi- 
neers have  called  for  bricks  to 
be  wet  except  during  freezing 
weather,  and  also  are  careful 
that  plenty  of  mortar  shall  be 
used  and  that  cement  shall  be 
added." — Crane. 


i 
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Foundation  Material. — Concrete  is  the  material  now  used 
almost  universally  for  foundations.  The  best  concrete  is  made 
with  broken  stone  or  gravel  with  a  cement  sand  mortar  for  the 
binder. 

The  usual  proportions  for  foundAtion  work  are  as  follom:  one  part 
cement,  two  and  one-half  parts  Band  and  five  parts  broken  stone  or  gravel, 
whichever  be  more  available  or  cheaper  to  obtain.  A  good  standarcTbrana 
of  cement  should  be  used.  Cement  comes  in  barrels  of  400  pounds  or  in 
bags  of  100  pounds. 


'm.*  ,177.— Babcocli  and  Wilcai  voter  tube  boiler  and  setting.    Type  W.I.P.  having  Inclined 

The  sand  should  be  clean,  that  is,  free  from  loam  or  earthy  matter,  and 
the  particles  should  be  sharp  <not  smooth  cornered  or  round)  and  of  fairly 


The  following  quantities  are  required  to  make  one  cubic  yard  of  concrete 

i  a  HMEral  rufe  the  boiler  manufacti 
IS  of  the  setting.    From  this  and  from 
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6  barrels  of  cement  (5  bags) , 

When  the  foundations  have  been  laid  out,  figure  the  number  of  cubic 
feet  of  concrete  required  and  divide  by  27  to  get  the  cubic  yards.  Then, 
multiply  by  the  above  figures  to  find  the  amounts  of  the  difierent  materials 
required  for  the  job . 

When  worked  by  hand  the  concrete  is  usually  mixed  in  batches  of  about 
one  yard.  A  measuring  box  is  used  for  the  sand  and  stone.  This  usually  has 
no  bottom  and  is  about  36  by  3fi  by  IS  inches  in  size.* 

Ques.    How  should  the  concrete  be  put  in  the  founda- 
tion trenches  or  forms? 


Fig.  4,478. — BBbcncli  uid  Wilcoi  water  tube  boiki  mid  sening.     Vertics 

•  NOTE.— TAa  JUetiurtng  Box  is  placed  on  the  mixing  board  and  i 
and  then  in  a  different  spot  one  boiEulo!  sand  jsmeasuTEd  out.    Then 

the  dry  sand-  Nejtt,  the  cement  and  sand  are  turned  over  thprouEhly  thi 
a  shovel  or  boe  ao  that  they  become  thOTOuchly  mixed.  The  stone  is  the 
Band  cement  mixture  thrown  over  it.  Then,  this  whole  mass  is  turned  se 
thoroughly  roiied.  Finally,  the  miiture  is  smoothed  out  and  hollowed  i 
a  oratei  and  into  this  water  is  sprinkled  from  either  a  bucket  or  hose.  . 
thrown  into  the  crater  the  sides  are  shoved  in  to  soak  up  the  water.  En, 
used  to  make  the  entire  mass  like  a  thick  mud.  but  not  so  much  as  to  wa? 
out.  The  mass  should  be  turiied  two  or  more  times  until  it  is  thoroughly  i 
ooncIEto  is  then  ready  to  be  put  into  the  foundation  trenches  or  forms  as 
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Ans.     It  should  be  spread  out  in  layers  about  6  inches  thick 
and  not  all  dumped  in  one  spot  or  comer  a  foot  or  more  deep. 


should  not  be  distrubed. 

Ques.    How  much  time  is  required  for  the  concrete 
to  set? 


Bsbcock  Hud  Wilcox  v 


Ans.     From  24  to  96  hours  depending  upon  the  kind  of  con- 
crete used. 

Its  full  strength  is  not  reached  for  several  weeks.  At  least  one  week 
should  elapse  bdote  the  brick  work  of  the  setting  is  started  in  order  to  allow 
the  concrete  to  get  hardened  safely. 


Blocking  the  Boiler. — After  completing  the  foundation,  the 
next  step  is  to  put  the  boiler  in  place.  It  is  first  raised  by  jack 
screws  or  levers  to  the  height  at  which  it  is  to  set ,  and  blocked  there 
by  cribbing  made  of  short  pieces  of  timber  as  shown  in  fig.  4,480. 
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Another  method  of  supporting  the  boiler  during  erection  is  by  means  of 
barrels.  Two  good  barrels  are  suiEcient  for  boilers  up  to  66  inches  by  16 
feet  in  size.  Blocks  should  be  placed  above  and  below  the  barrels  so  the 
load  will  be  spread  evenly  over  the  staves. 


Enclosing  Walls. — The  difference  in  first  cost  between  a  good 
job  and  a  poor  job  is  comparatively  slight  and  once  paid  for  there 
is  an  end  to  it.     If  a  boiler  setting  be  carefully  built  with  good 


ly  be  finish«l  without  difliculty  after  which  the  boiler  may  be  lowered  into  position.     The 
ifer  front  should  not  be  requireit  to  carry  any  of  the  weight  of  the  Ixnler.  hence  there  should 


;kedupi 

3ut  difficulty  af  tei 

it  "H'inch  e^ranoTistwBen  uJ'e"  "botta'ni  of  the  she'll  and  "ihe'fi 
be  inclined  toward  the  rear  so  as  to  cause  it  to  drain  through  the  blow  off  easily  and  to  give  a 
little  eilra  depth  of  water  over  the  rear  end  of  the  tubes.  If  the  front  end  of  the  boiler  be 
setabout  linchhigherthan  the  back,  the  desired  slope  will  be  obtained.    In  leveling  the  boiler 

flanges,  'if  the  nozile  flanges  he  but  slightly  out  ol  tnie  with  the  tubes  the  difference  can 
probably  be  made  up,  in  the  packing  of  the  joint.    .If  they  be  considerably  out  of  true  special, 

than  the  flanges.  The  reason  for  this  is  that  with  unlevel  tubes  it  is  necessary  to 
carry  a  higher  water  line  than  ordinary  in  o(dec  not  to  eipoM  the  high  tubes  and  this  is  unsat- 
isfactory aa  it  cuta  down  the  steam  space. 


material  it  should  last  practically  as  long  as  the  boiler,  but  if 
poorly  built  with  poor  material  it  may  not  last  a  year. 


2^50  BOILER  SETTINGS 


oNa  avaa  oj.  .5;i  usniog  H^ud 


BOILER  SETTINGS  2,551 


Poor  construction  means  cracks  and  air  leaks,  the  worst  enemies  to  effi- 
cient boiler  performance,  causing  useless  waste  of  fuel. 

The  exterior  of  the  walls  should  be  hard  burned  brick,  and  the  lining  of 
furnace  and  combustion  chamber  of  fire  brick.  The  walks  may  be  made 
either  solid  or  with  a  central  air  space,  the  latter  being  always  much  to  be 
preferred  and  costing  but  little  more  than  the  solid  wall.  The  side  walls 
and  back  walls  are  made  of  the  same  thickness,  the  front  wall  being  some- 
what thinner.  They  are  either  carried  up  the  same  thickness  from  top  to 
bottom,  or  may  be  tai)ered  somewhat  from  the  grate  up  to  the  supporting 
brackets  of  the  boiler,  in  order  to  give  more  room  for  the  hot  gases  to  circu- 
late on  each  side  of  the  shell. 

Ques.  What  precaution  should  be  taken  in  laying  the 
fire  brick  lining? 

Ans.  Care  should  be  taken  to  lay  it  so  that  it  can  be  re- 
placed without  taking  down  the  outer  walls  of  the  setting,  but 
it  must  be  bonded  into  the  brick  work  so  that  it  will  not  peel  ofE. 

It  is  advisable  to  line  the  entire  setting  with  fire  brick  rather  than  only 
the  furnace  portion  as  is  sometimes  done .  The  reason  for  this  is  that  a  fully 
lined  setting  will  stand  up  much  longer  and  give  far  greater  satisfaction 
under  overload  operation.  The  tendency  of  modem  practice  is  to  use  fewer 
boUers  and  work  them  harder;  hence,  a  fully  lined  setting  is  a  good  invest- 
ment. 

The  better  the  quality  of  the  fire  brick  used,  the  more  economical  the 
job  will  ultimately  prove. 


NOTE. — The  Common  Brick  used  in  a  boiler  setting  should  be  dense,  sound,  well 
burned  and  of  uniform  dimensions;  they  should  be  selected  with  an  eye  to  strengfth  and  dura- 
bility rather  than  beauty.  The  sand  used  in  the  mortar  should  be  clean  and  sharp  and  free  from 
pebbles;  if  necessary,  it  should  be  screened  before  use.  The  lime  and  cement  should  be  of  good 
standard  brand.  For  laying  red  brick  below  the  ground  line,  a  straight  cement  mortar  is  best. 
The  mixture  should  be  three  parts  sand  to  one  part  cement  with  enough  water  to  make  the 
mortar  easily  workable.  For  red  brick  above  the  ground  line  use  a  mortar  of  one  part  lime  to 
four  parts  sand .  This  mortar  must  not  be  used  while  hot  as  the  result  of  slacking  the  lime .  The 
qtudity  of  lime  mortar  is  much  improved  by  the  use  of  well  slacked  lime.  The  lime  should  be 
slacked  for  at  least  six  weeks  before  using  and  longer  if  possible.  The  brick  should  be  carefully 
laid  with  no  unfilled  spaces  in  the  joints  whatever.  The  joints  should  be  as  small  as  possible, 
^  or,  even  better,  ^  mch.  Each  brick  should  be  solidly  bedded  in  the  mortar  and  all  vertical 
jomts  should  be  filled  solidly.  This  is  a  most  imortant  point  and  should  be  insisted  upon  as 
otherwise  wasteful  air  leaks  and  cracked  walls  will  result.  Every  fifth  course  of  brick  should 
be  a  header  coiirse* 

NOTE. — Fire  Brick  vary  greatly  in  qualit^r  and  price.  For  boiler  setting  work  it  seems  to 
be  good  economy  to  get  the  best  fire  brick  obtunable.  The  greater  price  will  be  made  up  for 
by  the  greater  life  of  the  lining  and  ^e  saving  in  shut  downs  and  the  cost  of  repair  work. 
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Ques.    What  kind  of  mortar  is  used  in  laying  fire  brick? 

Ans      They  are  laid  without  mortar. 
Ques.    How  are  the  joints  sealed? 

Ans.     Fire  clay  is  used  as  a  filler  material. 

This  should  be  mixed  with  enough  water  to  make  it  as  thin  as  a  grout. 


>res8ed  Bt«]  Eide  lugs  and  bearing  plate.  A  comiiiofil7 
wrucnprQiuDiT  toe  supporting  oi  Douersoflargediameterby  mpans  of  side  lugs  resting  on  tii« 
ot  lijs  is  recognized  aa  the  beat. 

The  brick  should  be  laid  by  dipping  them  in  the  fire  clay  mixture  and  then 
rubbing  and  shoving  them  into  place.  It  is  even  advisable  after  this  to  tap 
the  brick  with  a  mallet  or  hammer  and  block  of  wood  so  that  each  brii^ 
win  come  into  actual  contact  with  its  neighbors. 


NOTE.— Some  engineers  line  the  furnace  with  hricklaid  in  the  same  mumer  at  tliB  wall, 

that  is.  with  bricks  running  lenithwise  of  th=  setting  and  every  fifth  or  siith  row  laid  as  headen 
bonding  buck  into  the  main  waU.    If  well  laid ,  this  construetioQ  may  work  well,  but  the  prefer- 

able  method  is  to  use  all  brick  as  headers,  that  is,  with  the  ends  toward  the  inside  of  the  wall. 

this  construction  being  employed  for  the  sides  of  the  furnace  above  the  grate  and  tor  the  oom- 

buation  chamber  to  a  point  about  2  feet  back  of  the  Imdge  waU.    This  avoids  the  falling  out  of 
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Ques.     Should  the  brick  work  touch  the  boiler  at  any 
part? 

Ans.     No. 


nd  4,48a. — Casey-Hedgea  I  beBm  and  column  suapension.  By  its  use  the  boiler 
ipand  and  contract  without  disturbing  the  brick  work,  the  weight  of  the  boiiets 
d  by  the  I  beams,  which  rest  on  the  support- ' "■-  — ■-  ■—•-■■  -■  — ~ 


styis  side  lug  method,  which  is  positively  dsQiien: 

ms.    The  trout 

:ig  and  the  columns  ate  necessarily  subject  to  ma 

Ques.  Why  should  not  the  brick  work  touch  the  boiler 
at  any  part? 

Ans.     To  allow  for  expansion  of  the  boiler. 

Provision  for  Expansion.— Since  boilers  are  longer  (and 
larger  in  diameter)  when  hot  than  when  cold  it  is  necessary 
to  provide  I,  space  between  the  setting   and  boiler  (as  just 
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mentioned) ,  and  2,  a  flexible  support  to  prevent  cracking  of  the 
brick  work. 

When  the  boiler  is  supported  by  the  brick  work,  expansion 
is  usually  provided  for  by  placing  rollers  under  the  rear  sup- 
porting legs  as  shown  in  figs.  4,487  and  4,488. 


Fig  4,487, — The  uaual  but  objecdonable  method  of  providing  for  eipansion  on  lug  supported 
boilere.  It  will  be  Been  that  nopfovisioo  ia  mada  for  tranaverse  eipanaion  3  the  ■hell, 
cooaequeotly  the  side  walla  must 'Ttreathe"  with  the  boikr,  which  lends  to  produce  »ir  le«ta 
by  cracking  and  loosening  the  mortar. 


Pic.  4,4SS. — Approved  m „ .^ „  __,^ 

__^_  .r  _...._  _.      J    ^   ......     '- 1„  eg^  other  form «  universal  "o 
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The  reason  for  putting  the  roUers  at  the  rear  end  instead  of  the  front  end 
is  because  the  front  end  rests  upon  the  brick  work  and  accordingly  shonld 
Qot  move.  The  author  objects  to  the  arrangement  shown  in  fig.  4,487, 
in  that  it  does  not  provide  for  lateral  expansion. 


1 
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2,557 


In  bricking  tip  around  the  lugs  a  recess  must  be  left  large  enough  so  that 
the  lugs  will  not  touch  the  brick  work  in  any  spot.  In  fact,  the  brick  work 
should  not  touch  the  boiler  at  any  point. 

Another  method  of  providing  for  expansion,  and  one  well 
adapted  to  long  boilers  is  by  link  suspension  as  shown  in  fig. 
4,489.  This  consists  of  two  pairs  of  side  columns  with  cross 
beams  to  which  are  attached  suspension  links  having  their  lower 
ends  attached  to  the  boiler  and  supporting  same. 


Pigs.  4,493  to  4,504. — ^Various  forms  of  suspension  links. 

Bridge  Wall. — This  is  a  most  important  part  of  the  setting. 
Unless  it  be  located  in  the  right  place  and  be  of  the  right  thick- 
ness and  height,  more  or  less  trouble  may  result  in  the  way  of 
overheated  sheets,  especially  if  there  be  a  girth  seam  near. 

The  wall  must  be  strong  enough  to  withstand  the  thrust  of  the  firing 
implements  used  in  cleaning  the  fire,  and  must  be  thick  enough  that  the 
joints  do  not  loosen  by  this  action. 
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Kxperieace  shows  that  the  best  results  are  secured  mth  a.  bridge  wall 
perfectly  flat  on  top  as  shown  in  fig.  4 ,489  and  not  built  circular  to  follow  the 
curve  of  the  boiler  shell.  The  distance  between  the  bottom  of  the  shdl 
and  the  crest  of  the  bridge  wall  should  be  not  less  than  10  inches .  The  crest 
of  the  wall  should  be  one  or  one  and  a  half  fire  brick  lengths  wide  according 
to  the  table  on  page  2,537. 


SeCTtON   THROUeH  Biy 

Bce  with  Diiiing  uch,  a  foim  of  cacabustian  chuaba 
I  are  burned. 

Each  course  below  should  be  set  out  as  shown  in  fig.  4,462,  so  that  the 
front  face  sitjpes  forward  at  an  angle  of  about  45  degrees  until  the  full 
thickness  of  the  wall  is  reached. 

The  bricks  on  the  sloping  face  and  on  the  front  of  the  crest  should  be 
laid  as  headers,  as  shown,  in  order  that  an  accidental  poke  with  a  fire  iron 
will  not  be  likely  to  knock  any  off.  Some  engineers  prefer  that  these  brick 
be  cut  beveled  on  the  front  so  as  to  present  a  smootti  surface  on  the  sl<^ 
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or  be  reduced  in  size  by  a  wall 
sloping  from  the  top  of  the  bridge 
wall  to  the  floor  level  at  the  rear 
of  the  boiler  as  respectively  shown 
in  figs.  4,510  and  4,511. 

It  is  thought  by  some  that  the 
extra  space  due  to  the  first  construo- 
tioa  is  useful  as  a  reservoir  for  heated 
gafies,  breaking  up  the  rapid  current 
which  would  otherwise  flaw  in  a.  line 
parallel  to  the  bottom  of  the  boiler 
and  thence  through  the  tubes  to  the 
chimney,  not  giving  out  as  much  heat 
as  woidd  be  ^e  case  if  this  volume 
of  hot  gases  could  be  interrupted  in 
its  passage  and  proceed  with  a  slower 
movement,  but  Bart  considers  this 
argument  far  fetched  and  probably 
nottrue.  Hefurtherstatestnatboiler 
tests  with  both  types  of  combustion 
chamber  give  practically  the  same 
results. 

It  should  be  noted  that  with  a 
sloping  floor  in  the  combustion  cham- 
ber, it  is  difficult  to  properly  inspect 
the  girth  seams  o£  the  toiler. 

The  best  and  cheapest  construction 
for  the  combustion  chamber  is  that 
shown  in  fig.  4,510  (for  dimensions 
see  figs.  4,462  to  4,464).  The  fioOT 
should  be  made  of  concrete  just  the 
same  as  the  a^  pit  floor. 

Ques.  What  important 
provision  sliould  be  made  in 
tlie  rear  end  of  tlie  combus- 
tion chamber? 

Ans.  The  blow  ofE  pipe  should 
be  protected  from  the  intense 
heat  at  this  point. 

Ones.    Wliy? 
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Ans.  To  prevent  the  formation  of  steam  in  the  pipe,  and 
prevent  the  sediment  adhering  to  the  pipe, 

Ques.    How  should  the  blow  oft  be  piped  and  protected  ? 

Ans.  The  blow  off  outlet  at  the  rear  end  of  the  boiler  should 
run  vertically  downward  to  the  bottom  of  the  floor  and  pass  out 
under  the  flow  level.     The  length  of  pipe  in  the  combustion 


4,5!2  and  4.513— Kent  wing  wall  furnace  desianed  to 

.-^...„__^  ;..«..-^__^ ■-  ■--^■---'-knae.ientungmiroiitoi 


ra  the  fuel  ia'burnirf  either  on  the  orfinary  grate  or  by  ir  ''  -      ■     ■       ■     * 


kr  o£  the  brid^  w 


:o  thfl  chan^KT,  C 


chamber  should  be  covered  with  asbestos  or  other  insulating 
material  and  enclosed  in  a  cast  iron  or  tile  pipe,  the  object  being 
to  keep  the  blow  off  pipe  as  cool  as  ixjssible. 
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..-de  caat  iron  Btch  plate;  view  ahowing 
uctlaa  (ae  brick  are  pla«d  in  aa  arch- 

(xilaafter  being  pouied  into  the  mould  around  the  brick,  it  shrinks  slightly  and  takes  a  ^rm 

rip  on  the  Qiick,  pressing  them  tightly  together  (o  as  to  form  a  practically  solid  arclf-a  very         A 
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Pio.  4,1116. — Lons  span  anh  back  connection.    In  this  construction  the  arch  Bprinos  fmr 
the  two  aide  walls,  and  q(  neceEsily  must  be  almost  flat..     It  is  Qbjeotionable  because;  1 


of  the  setting  with  an  air  space,  usually  located  S  inches  back  from  the  outside  face  of  the  wi 

and  2  inches  wide.    As  the  result  of  some  experiments  con< ^ 

testing  pUnt  of  the  United  Slates  Geological  Survey  in  Pitts 
air  space  of  a  boiler  setting  has  but  little  e^ect  in  preyentini 

llie  air  space  has  the  advantage,  however,  that  if  a.  cracl 
waa,  itsefdomeitenda  tothe  outer  part  and  hence  the  bad 
avoided.  The  beat  construction  seems  to  be  vilh  the  air  i 
crushed  hrick.  Thus,  if  the  inner  part  of  the  wall  crack.  th< 
and.  at  the  same  time,  the  filling  in  the  air  space  acts  as  1 
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Pig.  4,518  shows  the  flat  jplate  connection.  Such  artangement  lasts 
but  a.  short  while  because  the  iron,  quickly  bums  out. 

Another  construction  is  to  spring  a  long  span  arch  between  the  side  walls 
as  shown  in  Ag.  4,516.  This  arch  must  be  almost  flat  so  that  it  will  not 
extend  above  we  water  line  nor  block  off  too  many  of  the  tubes  at  the  sides. 
On  account  of  b^ng  almost  flat  it  is  structurally  weak.  It  must  be  very 
carefully  made  in  the  first  place  and  even  at  that  it  will  not  last  very  long, 
especially  if  the  boiler  must  be  forced  occasionally. 

The  best  construction  is  to  spring  a  half  arch  between  the  back 
wall  of  the  setting  and  the  boiler  shell  as  illustrated  in  figs.  4,516 
and  4,517. 


2,566 
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With  this  design  the  gases  have  plenty  of  room  and  are  guided  in  a 
natural  sweep  and  with  the  least  resistance  to  the  tubes.  Also,  the  straight 
line  of  the  arch  at  the  boiler  shell  affords  ample  protection  against  over, 
heating  that  part  of  the  head  which  is  above  the  water  line. 

The  bricks  of  this  arch  must  be  supported  in  some  manner  although  no 
iron  should  be  exposed  to  the  direct  impingement  pf  the  gases.  Fig,  4,519 
shows  a  very  excellent  arch  construction. 


Ques.    What  precaution  must  be  taken  with  back 
connections? 


Pigs.  4,532  to  4,538.— Standard  9-inch  firebrick  shapes.  Fig.  4^32.  No.  1  arch;  fig.  4,533, 
No.  2  arch;  fig.  4 ,534,  side  skew;  fig.  4,535.  end  skew;  fig.  4,536,  skew  back;  fig.  4,537. 
No.  1  neck;  fig.  4,538.  No.  2  neck. 


Fios.  4,539  to  4,546.— Standard  9-inch  firebrick  shapes.  Fig.  4,539,  No.  3  neck;  fig.  4,640, 
feather  edge;  fig.  4,541.  No.  1  jamb;  fig.  4,542,  No.  2  jamb;  fig.  4,543,  No.  3  jamb; 
fig.  4,544,  bull  head;  fig.  4.545,  checker. 


BOILER  SETTINGS  2^67 

Ans.  The  joints  miist  be  made  tight  by  covering  with  earth 
or  equivalent ,  otherwise  cold  air  will  enter  and  lower  the  tempera- 
ture of  the  gases  passing  into  the  tubes. 

I"  SPACE  BETWEEN   BRICKWORK  AND 
SHELL  FILLED  IN  WITH  ASBESTOS 


Pic  45646.- 

top  insteai 

Top  Ck>vering.^ — -The  usual  but  questionable  method  of  con- 
structing the  top  ot  a  boiler  setting  is  to  cover  the  top  of  the 
boiler  with  some  form  of  insulating  material. 

There  axa  three  methods  of  covering  the  top  of  the  boiler  shell.  When 
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the  brick  are  laid  coat  them  over  with  a  grout  of  one  part  cement  and  one 
part  sand  to  a.  thickness  o£  at  least  Ji  inidi.  Although  this  is  the  cheapest 
and  probably  the  most  durable  construction,  it  has  but  slight  value  for 
heat  insulation. 

A  more  efficient  method  in  this  respect  and  one  which  is  also  fairly  cheap 
is  the  use  of  a  good  grade  of  asbestos  in  fairly  thick  layers. 

The  beat  covering  to  use  from  the  heat  saving  point  of  view  is  85  per  cent, 
magnesia,  2  or  3  inches  thidc,  fiitished  oS  with  a  hard  cement  layer  on  the 
outeide, 

Ques.    What  precaution  should  be  taken  before  covering 
a  boUer? 


Pics.  4.547  to  4,551.— Standard  9-inch  firebrick  shapes.    Fig.  4.547,  lanje  No.  1  wedge,  102 
llricktothe,cin:1e5feetinside.  e  feet  a  inches  out9idadiamct«i^,  fig.  4,548.  Isige  No.  2 

arch,  small  diameter  for  larger  stock  liaings,  and  2^-inch  pipe  liniOEs:  fig.  4.550,  checker 
tile;   fig.  4.651,  checker  tile,  mill  tile. 

Ans.  The  boiler  should  be  operated  first  to  ascertain  if  there 
be  any  leaks  at  the  joints. 

Jacket  Covering. — The  practice  of  covering  boiler  tops  with 
insulating  material  indicates  either  a  lack  of  nerve  or  knowledge 
or  simply  the  result  of  blindly  following  the  example  of  others 
without  using  individual  reasoning  in  the  matter. 
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A  jacket  of  hot  gases 
over  the  top  o£  the  boiler, 
as  shown  in  figs.  4,552 
and  4,553  is  frequently- 
employed,  and  affords 
complete  protection 
against  radiation  of  heat 
from  the  top  of  the  boiler. 

This  feature  has  been 
seriously  opposed  hecause  of 
the  supposed  liabJKty  of  the 
hot  gases  passing  over  the 
top  of  a.  boiler  shell  to  cause 
overheating,  especially  in 
the  interval  between  starting 
a  fire  under  a.  cold  boiler 
until  steam  forms. 

According  to  Bajr;  "  The 
overheating  of  thetop  sheets 
BO  far  as  the  writer  (Barr)  is 
aware,  has  never  occurred, 
nor  ought  it  to  be  expected 
in  any  properly  designed 
boiler  setting  not  using  a 
poweriul  fan  blast.  No 
injury  could  occur  to  the 
shell  at  a  temperature  below 
red  heat  (900°  F.),  and  it 
is  scarcely  pos^ble  that  any 
such  temperature,  or  more 
than  the  half  of  it,  ever 
reaches  the  top  portion  of 
the  shell  of  a  boiler  not  under 

In  any  boiler  setting  in 
which  the  ratio  of  heating 
surface  is  30  to  1 .  employing 
natural  draught  there  is 
probably  no  danger  what- 
ever that  the  top  of  the 
sheets  will  ever  become 
overheated." 
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Buck  Staves. — In  order  to  prevent  the  spreading  of  the  fiimace 
walls,  they  are  reinforced  by  cast  iron  upright  members  known  as 
buck  stays,  as  shown  in  figs.  4,554  and  4,555,  These  are  of  T 
shape  and  for  proper  stiffness  the  web  should  be  from  4  to  6 
inches  deep,  depending  on  the  diameter  of  the  boiler.  They  are 
usually  placed  4  or  5  feet  apart  on  the  side  walls. 

Boiler  Fronts. — These  are  made  in  many  different  styles, 
almost  every  maker  having  some  peculiar  points  in  (design. 
There  are  four  general  types; 


1.  Flush  front. 

2.  Overhanging  front. 


3.  Cutaway  front. 

4.  Breaches  front. 

The  flush  front  is  one  of  the 
earliest  forms  of  fronts,  and 
though  it  often  gives  good  satis- 
faction, yet  it  is  liable  to  certain 
accidents. 

The  front  of  the  smoke  arch  in 
this  form  of  setting  as  shown  in  fig, 
4,566,  is  flush  with  the  front  of  the 
brick  work,  and  the  diy  sheet  just 
outside  of  the  front  head  is  built  into 
the  brick  work.  The  heat  from  the 
fire,  striking  through  the  brickwork, 


impinges   ( 


i   sheet,   which   i 


id  bottom.    Buclcit 


rigici.    To 
lally  pi  sec 
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„ e  time  bricks  are  very  apt  to  fall  away  from  over  the  fire  door, 

and  thus  expose  portions  of  the  dry  sheet  to  the  direct  action  of  the  fire, 
causing  it  to  be  burned  or  otherwise  injured  by  the  heat,  and  perhaps 
starting  a  leak  around  the  front  row  of  rivets  when  the  head  is  attached  to 
the  shell. 

In  the  overhanging  front,  as  shown  in  fig.  4,557,  this  tendency 
is  prevented  by  setting  the  boiler  in  suck  a  manner  that  the  dry 
sheet  projects  out  into  the  boiler  room. 


— Vaiious  boiler  EioDta.    Fig.  4,5Sfl,  Sush  front;  fig.  4, GST,  overhanging 


If  the  brick  work  over  the  fire  door  tall  away  when  a  boiler  is  set  in  this 

manner,  the  only  effect  "  *"  -i;~i.ti..  i <i —  i — 4.: 1 — .      m„ 

damage  can  be  done,  si 
is  protected  by  water  o 

The  objection  is  sometimes  raised  against  the  projecting  front, 
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that  it  is  in  the  way  of  the  fireman.  To  meet  this  point  and  yet 
preserve  all  the  advantages  of  this  kind  of  front,  the  cut  away 
style,  shown  in  fig,  4,558,  has  come  into  use. 

In  this  form  the  lower  portion  or  the  front  sheet  is  cut  obliquely  away, 
so  that  at  the  lowest  point  the  boiler  projects  but  little  beyond  the  brick 

It  win  be  noticed  that  in  the  Bush  and  overhanging  fronts,  the  doors 


?IGS.  4,658  and  4, S50.— Various  boileTfronti.      Pis.  4,55S,  cut-away  front;  Ge.4,Ue,  breeches 

Open  sidewise,  swing  about  on  vertical  hinges;  in  the  cutaway  front  the 
best  way  to  arrange  the  tube  door  is  to  run  a  hinge  along  the  top  of  it, 
horizontally,  and  to  have  the  door  open  upward.  With  such  a  disposition 
of  things  the  door  is  not  easy  to  handle .  For  the  purpose  of  support  a  hook 
and  chain,  hanging  from  the  roof  should  be  provided. 

The  front  shown  in  fig.  4,559  consists  of  sheet  iron  tn^eching 
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that  comes  down  over  the  tubes  and  receives  the  gases  of  combus- 
tion from  them. 

A  man  hole  is  shown  under  the  tubes.  This,  of  course,  is  not 
an  essential  feature  of  the  breeching,  but  it  will  be  seen  that 
man  holes  can  readily  be  put  below  the  tubes  on  fronts  of  this 
kind,  in  such  a  manner  as  to  be  very  convenient  of  access. 


PiO;  4,560. — A  "fuicy"  or  onumeatal  and  accaidinsly  objectionable  boilei  boot  fCcreaaoiu 

In  addition  to  these  more  general  styles  of  boiler  fronts,  there 
are  fronts  designed  particularly  for  patent  boilers,  water-front 
boilers,  etc., -which  are  made,  very  often,  in  ornamental  and 

NOTE . — Sectional  plate  steel  is  eiUnsively  used  for  boiler  fronts.  This  aectionnl  method 
sndeontraction''S^g  provided.  As  eoostnicted  by  tho  Casey-Hedgss  Co..  st*el  fronts  are 
""  *       '"^   ''"^-  "-  i--'i"~-™..°'!-.-^:-~      •"--  -J"  "I  ->..  ( — .  is  fitted  mth  anE]« 

ith  any  BpeciHldDar 
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attractive  designs.  To  the  engineer,  however,  a  plain  front  is 
the  most  attractive,  as  his  common  sense  tells  him  that  the  extra 
time  and  expense  put  into  fancy  fronts  had  better  be  applied  to  the 
boiler  proper  or  parts  under  pressure. 

Ques.  What  is  a 
full  flush  front? 

Ans .  An  iron  front 
containing  the  furnace 
doors  and  cleaning 
doors,  and  extending 
the  full  height  of  the 
setting  as  shown  in 
fig.  4,561. 

Ques.  What  is  a 
three-quarter  arch 
front? 


Fig.  ifidH. — OcE^qBarter,  or  to-callad  halt  arch  fiodt. 

Ans.  An  iron  front  for  an  extended  shell  boiler  embracing 
the  shell  to  a  level  three-quarters  of  its  vertical  diameter  as 
shown  in  fig.  4,564. 

Ques.    What  is  a  half  arch  front  i 

Ans.  An  iron  front  for  an  extended  shell  boiler,  enclosing 
the  front  end  up  to  level  of  center  of  boiler  as  shown  in  fig.  4,562. 

Ques.    What  is  a  so-called  half  arch  front? 
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Ans.  An  iron  front  for  an  extended  shell  boiler  embracing 
the  shell  up  to  a  level  lower  than  the  center  of  the  boiler,  as 
shown  in  fig.  4,565. 

These  so  called  half  arch  fronts  usually  extend  to  about  one-quaiter  the 
vertical  diameter,  and  accordingly  would  be  apprc^wiately  called  a  one- 
quarter  front. 

Fire  Doors.— On  internally  fired  boilers  these  are  usually- 
fitted  to  cast  iron  frames  bolted  to  the  shell  of  the  boiler.     The 


4,S67.— Walsh  and  Weidner  d 


wing  fin  and  ash  doon  with  lioer  and 
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door  and  frame  should  have  planed  surfaces  to  make  a  tight  joint 
and  the  hinges  should  be  very  strong  to  withstand  rough  usage. 
A  perforated  cast  iron  plate  or  lining  is  provided  to  protect  the 
door  from  the  intense  heat.  The  plate  is  attached  to  the  door 
by  bolts  passing  through  distance  pieces.  . 


fic.  4,S68. — Bigelow  east  iron  lemovrtik  type  of  arch  sad  jmnb. 

Linings  for  Fire  Door  Openings. — Fig.  4,568  illustrates  a 
cast  iron  removable  type  of  arch  and  jamb.  It  is  provided  with 
inner  removable  check  pads  and  arches,  arranged  so  that  these 
parts  may  be  removed  when  burned  out  without  disturbing  the 
brickwork.  Instead  of  this  cast  iron  construction  sometimes  a 
fire  brick  arch  and  jamb  is  used  as  shown  in  fig.  4,593.  Whereas 
this  form  is  better  adapted  to  withstand  the  heat  it  is  subject  to 
injury  from  knicks  with  the  fire  tools. 

Miscellaneous   Iron   Parts. — In  addition  to  the  fixtures 


-  I 
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already  described  there  are  several  other  iron  parts 
or  trimmings  reqiured  to  complete  the  "setting," 
Fig.  4,694  shows  a  stack  casting  which  s< 


ought  iron  chimney  01 
prii3c  chi 


with  a  brii3c  chimney  at  one  side.  This  plate  is  for  a  fuU 
flush  front  and  is  anchored  in  the  brick  work  immediately 
back  of  the  fire  front. 

For  an  extensive  shell  boiler  the  arrangement  shown  in 
fig.  4,595  is  used  instead  of  the  stack  plate  just  described. 

Figs.  4,569  to  4,592  sliow  some  miscdlaneous  fittings. 


PlG.4.S9a.— BigelowGicbnck  nrcti  aTid  jamb. 

Bricks  Required  for  a  Setting. — ^To  estimate 
the  number  of  brick:  in  a  wall,  multiply  the  length 
of  the  wall  by  the  width  and  height  all  in  inches, 
and  divide  by  82  for  common  brick,  or  by  116  for 
firebrick.  The  quotient  will  be  approximately  the 
number  required. 

If  the  lining  of  the  fumace  is  to  be  made  all  headers, 
as  already  mentioned,  multiply  the  fire  brick  required  for 
that  part  of  the  wall  by  2.6,  or  multiply  the  area  to  be 
laid  in  sa,iiare  feet  by  12. 


BOILER  SETTINGS 


Fio.  4.505.— Recuncular 


BOILER  SETTINGS 


In  estimating  the  material  needed  far  a  boiler  setting,  250  pounds  of 
lump  lime  and  1  cubic  yard  of  sand  will  be  required  for  each  thousand 
bricts  in  the  waUs,  and  from  800  to  900  pounds  of  fire  clay  for  each  thou- 
sand fire  brick  in  furnace  linings. 

The  number  of  brick  reqiured  for  various  settings  may  be 
.  obtained  without  calculation  from  the  accompanying  tables. 


>6  — Omnn's  flat  top  Dutch  oven  f  umaee  {Walsh  and  Weidner) .    This  type  of  fuTOBOe 
pedJlS' fitUd  tor  Dutch  oveni  burning  <■ !- i.-ii-.  i.-i      -n. —  .-=_-.  i.™™  rj 


. „ ,  w  bulky  fuel.    Then 

-  cooUoK  the  GUEpenaion  beams  and  t 


Dutch  Oven  Setting. — The  general  proportions  for  a  Dutch 
oven  setting  are  given  in  the  accompanying  table  and  figs,  4,597 
and  4,598. 

The  number  of  common  brick  specified  is  estimated  on  the  basis  of  IS 
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brick  per  cubic  foot  and  allow- 
ance must  be  made  for  break- 
age and  cutting. 

The  number  of  fire  brick 
includes  sufBdent  for  headers 
every  sixth  course. 


Id 

J                                                              I  When  grate  length  is  66 

jM.                                                              I  inches  or  longer,  grates  are 

Q                                                              a  fumished  in  two  lengths  with 

m                                                              I  center  bearing  bar. 

^4  The  wall  under  the  boiler 

Q                                                              ga  at  the  front  should  extend 

SB  9  back  at   least   eight  indies 

^1  beyond  the  circular  row  of 

i_                                                              B  3  rivets  to  protect  them  from 

^                                                             "Zi  the  fire. 

ff ■                                                             g  3  The  boiler  front  should  be 

O                                                              S  u  placed  in  position  with   its 

1^                                                              ■'l^  anchor    rods    and    properly 

j^S  plumbed  before  buildiig  the 

M                                                                        S  brick  work.     Be  carrful  not 

^j                                                                      ^  c  to  spring  the  front  casting  out 

Z                                                                      'S  i  of  shape  by  drawing  up  too 

--                                                               Sg  tightly  with  bolts.    This  will 

r~                                                               S~  s^ringthefrontandthedoors 

^                                                                       la  will  not  fit  properiy . 

JjJ                                                              I'l  The  open  space  between 

in                                                             Ug  dde  walls  and  boiler  should  b« 

_§p  covered  over  at  a  distance 

2                                                                       &  •  four  inches  below  the  wii^a  or 

1,1                                                              E"j§  suspension  loops  in  cnder  to 

S*                                                                       eS  properly  protect  them  from 

^                                                               2g  the  hot  gases. 

I                                                               I  ■a  The  number  of  common 

MW  brick   required  for   a    single 

^                                                                         Yl  boiler  is  approximately  60  per 

!«)                                                                      ga  cent,  of  what  ia  requu-ed  for 

Im                                                                      ^;S  the  double  Setting  as  given  in 

Q                                                              «1  ^^^  table  below. 

O                                                               ^.1  The  number  of  fire  brick 

§■§  required  for  a  single  btriler  is 

V  a  one-half  the  number  specified 

gj  for    double    setting    tn    the 

£  table  on  page  2,583. 
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BOILER  SETTINGS 


This  consists  of 
surrounds  the  brick  work. 


I  sheet  steel  casing  which  entirely 
It  is  lined  with  a  heavy  layer  of 
nsulaiting  material, 
inside  of  which  there 
is  one  course  of  red 
and  one  of  firebrick 
in  the  combustion 
chamber  and  two 
courses  of  firebrick 
in  the  fire  box.  This 
casing  is  put  to- 
gether and  stiffened 
with  steel  angles 
which  insure  a  rigid 
construction  and 
prevent  any  possi- 
bility of  warping. 
It  is  also  bolted  to 
the  steel  "I"  beam 
coliunns  which  sup- 
port the  boiler. 

The  casing  is  set 
up  and  fitted  in  the 
manufacturer's 
shops  and  shipped 
in  knocked  down 
form  so  that  it  is  a 
simple  matt«r  for 
anyone  to  reassem- 
ble it  wherever  it  is 
to  be  installed. 


Fics.  4  J)W  and  4,000. 


and  Taylor  itoel  or  at 
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CHAPTER  77 


CHIMNEYS  AND  STACKS 


The  object  of  a  chimney  is  to  create  a  draught  and  to  carry 
off  the  waste  products  of  combustion. 

The  jorce  required  to  produce  the  draught  depends  upon  the 
quality  of  the  fuel,  the  method  of.  firing,  thickness  of  the  fuel 
bed,  design  of  the  furnace,  length  and  cross  section  of  the  gas 
passages,  height  and  construction  of  the  chimney  and  its  location 
with  respect  to  neighboring  buildings,  hills;  also  the  direction 
and  velocity  of  the  wind  which  may  be  blowing. 

The  force  available  for  producing  the  draught  depends  upon 

1.  The  height  and  cross  section  of  the  chimney. 

2.  The  difference  in  temperature  between  the  hot  gases  in 
the  chimney  and  the  cold  air  outside. 

Ques.    Why  does  a  chimney  draw?  , 

Ans.  It  draws  because  the  hot  air  in  the  chimney  is  lighter 
than  the  surrounding  cold  atmosphere,  which  endeavors  to 
force  its  way  into  the  chimney  from  below  in  order  to  restore  the 
balance  of  pressure. 

Ques.    How  does  air  enter  a  chimney? 

Ans.  1,  through  the  grate  bars  {primary  air  supply);  2, 
sometimes  through  special  inlet  passages  between  the  furnace 
and  the  heating  surface  {secondary  air  supply),  and  3,  through 
leaks  in  the  setting,  if  there  be  any. 
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Ques.    How  does  the  intensity  of  the  draught  vary? 

Ans.     About  as  the  square  root  of  the  height. 

Ques.  Upon  what  does  the 
required  Intensity  of  draught  de- 
pend? 

Ans.  Upon  the  character  of  the 
fuel  and  desired  rate  of  combustion. 


Draught  Calculation.— The  term 

draught  may  be  defined  as  the 
difference  in  pressure  available  for  pro- 
ducing a  flow  of  the  gases  of  com- 
bustion. 

Prof.  Peabody  explains  the  action 
of  gases  in  a  drawing,  very  clearly, 
as  shown  in  fig.  4,601. 

If  the  gases  within  a  stack  be  heated, 
each  cubic  foot  nill  expand,  and  the  weight 
of  the  expanded  gas  per  cutiic  foot  will  be 
less  than  that  of  a  cubic  foot  of  the  cold 
air  outside  the  chimney.  Therefore,  the 
unit  pressure  at  the  stack  base  due  to  the 
weight  of  the  column  of  heated  gas  will  be 

4,601. — Action  of  hot  gases  in  a  chinmey;  cause  of  draught.— 'To  get  an  idea  of  the  pro- 
ction  of  draught  by  a  chimney,  we  may  consider  the  canditiDna  that  would  exist  if  a  chim" 
y  were  filled  with  hot  air  and-closed  at  the  bottom  by  a  honiontal  partition  or  diaphragm, 
ic  itTp^Rure  of  the  air  at  the  top  of  the  chimney,  due  to  the  atmosohrwe  ahove  that  Ipu*! 


and  of  the  i 
■ypluythe'f 

byaU  tube  partially  mied*with  water,  and  baring  one  e"nd  connoted  to  the  inside  of™ 
of  Che  chimney;  the  difference  of  level  measures  the  di&ugatr—Piabod^. 


will  be  that  at  the  top  of  the  chimney  plus  the  pressure  due  to  a  column  oFcolJair  ss  high  as 

'      '         iV.    This  difference  of  pressure  is  considered  to  be  the  draught,  in  all  Iheoriesof  the 

edsetof  conaitjpns.     Por  an  actual 
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less  than  that  due  to  a  column  of  cold  air.  This  difference  in  pressure,  like 
the  difference  in  head  of  water,  will  cause  a  flow  of  the  gases  into  the  base  of 
■ttie  stack.  In  its  passage  to  the  stack  the  cold  air  must  pass  through  the 
furnace  or  furnaces  of  the  boilers  connected  to  it,  and  it  in  turn  becomes 
heated.  This  newly  heated  gas  will  also  rise  in  the  stack  and  the  action 
will  be  continuous. 

The  intensity  of  the  draught,  or  difference  in  pressure,  is  usually  measured 
in  inches  of  water.  Assuming  an  atmosphenc  temperature  of  62°  Fahr. 
and  the  temperature  of  the  gases  in  the  chimney  as  6(X)  **  Fahr.  and,  neglect- 
ing for  the  moment  the  difference  in  density  between  the  chimney  gases 
and  the  air,  the  difference  between  the  weights  of  the  external  air  and  the 
internal  flue  gases  per  cubic  foot  is  .0347  pound,  obtained  as  follows: 
OUTER  STACK 

FIPE      c    r^^^  ^AA  --OUTERFUNNEL 

iNKiTTD  cinoMPi    I'lG'^.eOp. — Marine  ftuiiiel 
INNER  FUNNEU      or  stack.    ItUmadeai 

sheet  metal  riveted  and 
in  best  practice  there  is 
an  inner  and  outer  funnel 
with  air  space  between. 
This  tends  to  prevent  loss 
of  heat  by  radiation  keep- 
ing the  temperature  of 
the  gases  as  nigh  as  pos- 
sible. Around  the  base 
of  the  stack  is  fitted  an 
additional  air  screen  or 
passage,  known  as  the  air 
casing,  which  serves  to 
ventilate  the  fire  room 
and  protect  the  neighbor* 
ing  part  of  the  ship  from 
the  neat  radiated  by  the 
funnel .  The  air  casmg  is 
protected  from  the 
weather  by  a  sloping  ring 
of  metal  attached  to  the 
funnel  and  known  as  the 
umbrella. 


OCCR 


UMBHELUA 


AIR 
CASING 


DECK 


U  PTAKES 


Weight  of  a  cubic  foot  of  air  at    62  ® 
Weight  of  a  cubic  foot  of  air  at  500** 


,0761  pound 
.0414  pound 


Difference  =  .0347  pound 
Therefore,  a  chimney  100  feet  high,  assumed  for  the  piir]pose  of  illustration, 
would  have  a  pressure  exerted  on  each  square  foot  of  its  cross  sectional 
area  at  its  base  of  .0347  X  100  =  3.47  pounds.* 


♦  NOTE. — ^In  this  calculation,  no  allowance  has  been  made  for  the  compression  of  air  in 
the  lower  layers  due  to  the  pressure  caused  by  the  weight  of  the  upper  layers,  because  the  same 
thing  happens  both  inside  and  outside  of  the  stack  and  accordingly  for  sunphcity  may  be 
disr^iarded. 
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As  a  cubic  foot  of  water  at  62/*  weighs  63.32  pounds,  an  inch  of  water 
would  exert  a  pressure  of  62.32  -^  12  =  5.193  pounds  per  square  foot. 
The  100-foot  stack  would,  therefcnre,  under  the  above  temperature  con- 
ditions, show  a  draught  of  3.47  -^  6.193  or  approximately  .67  inches  of 
water. 

The  theoretical  formulae  deducted  by  Peclet,  Rankine,  and  later  by 
Professor  Gale  and  others,  are  of  much  interest  to  the  scientist,  but  the 
engineer  in  designing  a  chimney  still  clings  to  empirical  formula  deducted 
from  current  successful  practice. 


The  following  table  for  Babcock  and  Wilcox's  gives  the  avail- 
able draught  in  inches  that  a  stack  100  feet  high  wil>  produce 
when  serving  boilers  of  various  horse  powers  with  the  methods 
of  calculations  for  other  heights. 


Available  Draught  for  100  Foot  Stacks 

Assuming  stack  temperature  of  500^  Fahr.  and  100  lbs.  of  gas  per  h.p. 
For  other  heights  of  stack  multiply  draught  by  height  •*■  100 
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FOR  OTHER  STACK  TSMPERATURES  ADD  OR  DEDUCT  BEFORE  MULriPLVINC  KV 

HEIGHT  ■«-  UB  AS  FOLLOWS* 


For  750  Dcgrtc*  F. 

Add  .17  inch. 
Fof  700  Dtfercw  f. 

Add  .14  inch. 


For  6so  DcgTMt  F. 

Add  .11  iifck. 
For  600  D«grMS  F. 

Add  .oS  Inch. 


For  550  DegrM*  F. 

Add  A|  inch. 
For  450  D«gT«M  F. 

Deduct  J04  inch. 


For  400  Dognct  F. 

Dfdoct  .09  inch. 
For  3S0  D«grM»  F. 

Dtduct  .14  inch. 


•BmuIu  MCttNd  by  this  inMho4  »ill  In  •(tpfminulalx  comet 
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Draught  {Rust  Engineering  Co.). — Chimneys  are  required 
for  two  purposes:  1,  to  carry  away  gases;  2,  to  produce  draught. 

The  first  requires  the  size  or  area  and  the  second,  the  height. 
The  height  and  diameter  of  a  chimney  depend  upon  the  following:  ' 
1,  amount  of  fuel  burned;  2,  nature  of  fuel  burned;  3,  kind  of 
boiler  used;  4,  design  of  flue;  5,  arrangement  of  flue  with  respect 
to  boilers;  6,  use  of  accessories;  7,  altitude  of  plant  above  sea 
level. 

It  is  impossible  to  develop  a  formula  which  will  take  all  the 
above  into  consideration.  The  usual  practice  of  determining 
the  proper  proportions  of  chimneys  is  to  compute  the  greatest 
sectional  area  necessary  to  carry  away  gases  without  undue 
frictional  loss  and  determine  the  height  of  shaft  necessary  to 
produce  the  draft  required  by  the  installation. 

The  diameter  of  a  chimney  is  dependent  upon  the  horse  power 
of  the  boilers;  and  the  height  upon  the  draught  required.  One 
formula  determining  the  diametet  of  a  chimney  is: 

diameter = 4 .9  X  (boiler  horse  power)  Vs 

In  installations  where  stokers  are  used,  the  area  is  usually 
increased  about  one-third;  this  allows  for  leakages,  improper 
operating  conditions,  etc. 

Draught  is  the  difference  in  pressure  per  unit  of  area  between 
a  column  of  hot  gas  inside  the  chimney  and  an  equivalent  column 
of  air  on  the  outside.  When  gases  are  heated  they  expand;  and 
therefore,  the  weight  of  the  heated  gas  per  cubic  foot,  at  the 
base  of  the  chimney,  will  be  less  than  that  of  an  equivalent 
volttme  of  cold  outside  air.  The  difference  in  pressure,  due  to 
this  difference  in  weight,  forces  the  cold  air  into  the  furnace, 
where  it  is  heated,  and  passes  up  the  chimney.  The  action  thus 
becomes  continuous. 
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The  intensity  of  draught  or  the  difference  in  pressure  is  meas- 
ured in  inches  of  water  and  may  vary  from  0  inch  to  2  inches 
or  more.    Intensity  of  draught  is  given  by  the  following  formula: 

/=.518HXPX(,^— V) 

/= draught  in  inches  of  water 
H= height  of  chimney  in  feet 
P  =  atmospheric  pressure  in  pounds  per  square  inch 
/  To  =  absolute  temperature  of  outside  air 

To  =  absolute  temperature  of  gases  inside  chimney 
To  facilitate  the  use  of  this  formula  it  is  assumed  that  P  = 
atmospheric  pressure  at  sea  level  or  14.7  poimds  presstire  per 
square  inch.    The  absolute  temperature  of  the  outside  air =520 
degrees  Fahr. 

The  formula  then  reduces  to 


from  which 


/=HX.518Xl4.7X(^j^-^) 

/=KXH 

Where  K  =. 518 X  14.7 X(^  -  ^) 

The  following  table  gives  values  for  K  for  different  chimney 

temperatures: 

Temperature  Constants 


Temp,  gases 

Temp,  gases 

inside 

inside 

chimney 

Constant 

chimney 

Constant 

350 

0053 

700 

0081 

400 

0058 

750 

0084 

460 

0063 

800 

0086 

500 

0067 

850 

0088 

660 

0071 

900 

0091 

600 

0075 

950 

0093 

650 

0078 

1,000 

0094 
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The  intensity  of  draught,  as  determined  by  the  above  formula,  is  a 
theoretical  value  which  can  never  be  observed  with  a  recording  device. 
However,  by  approximating  ideal  condition,  that  is,  closing  the  ash  pit 
doors  of  the  boiler  and  in  other  ways  preventing  leakage,  the  draught  at 
the  base  of  the  chimney  will  be  approxmiately  the  same  as  the  theoretical 
draught.  The  actual  draught  represents  the  pressure  necessary  to  force 
the  gases  through  during  the  most  adverse  conditions. 

Loss  of  Draught 

The  losses  in  draught  mav  be  summarized  as  follows:  1,  through  furnace 
or  fuel  bed;  2,  through  boiler;  3,  through  flues;  4,  through  turns  in  flues; 
5,  through  economizers;  6,  due  to  velocity;  7,  due  to  friction. 

Loss  of  Draught  Through  Furnace  or  Fuel  Bed. — ^This  loss  varies 
greatly.  If  the  particles  of  fuel  be  large,  it  requires  less  draught  to  com- 
plete combustion  than  when  the  particles  of  fuel  are  small.  For  instance, 
m  the  case  of  soft  coal,  particles  of  which  are  comparatively  large,  much, 
less  draught  is  required  to  force  the  air  through  spaces  between  the  coal 
than  in  the  case  of  anthracite  coal  whose  particles  are  small. 

The  following  represents  the  draught  required  to  force  air  through  the 
fuel  bed  for  different  kinds  of  coal,  assuming  25  pounds  of  coal  burned  per 
square  foot  of  grate  surface  per  hotir. 

Anthracite  and  bituminous  slack 6  to  .7  inches 

Pennsylvania  bituminous 3  to  .4      " 

Indiana  bituminous 2  to  .3      " 

Loss  of  Draught  Through  Boilers. — ^This  depends  upon  the  type  of 
boil6r  and  also  the  method  of  baffling.  The  loss  also  depends  upon  the  per- 
centage of  rating  upon  which  it  is  run.  Under  average  conditions  the  loss 
of  draught  through  the  boiler  is  equal  to  from  .25  inch  to  .30  inch  when  the 
.boiler  is  running  at  a  normal  rate  or  100  per  cent.;  .30  inch  to  .35  inch  at 
150  per  cent.;    .65  inch  to  .75  inch  at  200  per  cent,  of  its  rated  capacity. 

L€>ss  of  Draught  Through  Flues. — ^The  loss  of  draught  through  flues 
is  usually  determined  by  experiment.  For  average  conditions  we  may 
assume  that  the  loss  of  draught  through  an  unlined  steel  flue  is  equal  to 
.10  inch  per  100  lineal  feet  of  flue  and  for  brick  lined  or  masonry  flues  .10 
inch  per  50  lineal  feet  of  flue. 

Loss  of  Draught  Through  Turns  in  Fues, — ^This  may  be  taken  as 
equal  to  .05  inch  for  each  right  angle  turn  through  which  the  gases  pass. 

Loss  of  Draught  Through  Economizer. — ^This  varies  between  wide 
limits  but  for  ordinary  purposes  we  may  assume  that  the  loss  is  .1  inch 
to  .25  inch. 
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Availahle  Draught. — ^The  available  draught  is  equal  to  the  theoretical 
draught  less  the  amount  lost  by  velocity  and  friction  within  the  chimney 
itself.  Through  .experiment  it  has  been  found  that  under  avera|je  conditions 
the  available  draught  is  equal  to  80  per  cent,  of  the  theoretical  draught,, 
hence, 

/=.8KXH 

where  /  equals  available  draught  in  inches  of  water. 

The  available  draught  should  always  be  at  least  equal  to  or  greater  than* 
the  sum  of  the  losses  through  the  fuel  bed,  boilers,  flues,  turns  and  econo- 
mizers. 

Height  of  Chimney, — ^This  dimension  is  equal  to 

The  height  of  a  chimney  then  is  found  by  determining  the  losses  through- 
the  fuel  beds,  boilers,  flues,  turns,  and  economizers,  and  dividing  this  siun 
by  .8  of  the  constant  for  the  temperature  of  the  gases  inside  the  chimney. 

Diameter  of  Chimneys, — ^The  diameter  of  a  chimney  varies  directly 
as  the  squ^e  root  of  the  horse  power  of  the  boilers  and  inversely  as  the 
fourth  root  of  the  height. 

H.P.«3.33XEXVH 

H.P. 


Whence  E=' 


3.33  VTl 


andD-— 5^^Vrr-+-33 
1.62  V  H 

where  D  =  actual  inside  diameter  in  feet. — Rust  Engineering  Co. 


NOTE. — Chimnem  with  Forced  Draught,  When  natural,  or  chimney,  draught  only 
is  used,  the  function  of  the  chimney  is,  to  produce  such  a  difference  of  pressure  or  intensity  of 
draught,  between  the  bottom  of  the  chimney  and  the  ash  pit  as  will  cause  the  flow  of  the 
required  quantity  of  air  through  the  grate  bars  and  the  fuel  bed,  and  the  flow  of  the  gases  of 
combustion  through  the  gas  passages,  the  damper  and  the  breachings  and  2,  to  convey  the 
gases  above  the  tops  of  surrounding  buildings  and  to  such  a  height  that  will  not  become  a. 
nuisance.  With  forced  draught  the  blower  produces  the  difference  of  pressure,  and  the  only 
use  of  the  chimney  is  that  of  conveying  the  gases  to  a  place  where  they  will  cause  no  incon- 
venience; and  in  that  case  the  height  of^the  chimney  may  be  much  less  than  that  of  a  chimney 
for  natural  draught.  With  oil  or  natural  gas  for  fuel,  the  resistance  of  the  grates  and  of  the 
fuel  bed  is  illimmated,  and  the  height  of  the  chimney  may  be  much  less  than  that  of  one 
desired  for  coal  firing.  When  oil  or  gas  is  substituted  for  coal,  and  the  chimney  is  a  high  one, 
it  may  be  necessary  to  restrict  its  draught  power  by  a  damlJer  or  other  means  in  order  to- 
prevent  its  creating  too  ^[reat  a  negative  pressure  in  the  furnace,  and  thereby  too  great  an 
admission  of  air.  which  will  cause  a  decrease  in  efficiency.— iC^n/. 
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Size  of  Chimneys.— The  following  table  shows  the  height  of 
water  column  due  to  unbalanced  pressure  or  draught  in  a  chinmey 

100  feet  high  for  various 
temperatures,  inside  and 
outside  of  the  chimney. 

The  table  which  follows 
is  a  modification  of  Kents' 
table  and  is  calculated  from 
his  formula.  It  is  in  con- 
venient form  for  approxi- 
mate work,  and  provided 
no  unusual  conditions  are 
encountered,  it  is  reliable 
for  the  ordinary  rates  of 
combustion  with  bitumi- 
nous coals. 
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The  table  is  figtared  on  a 
consumption  of  5  pounds  of 
coal  burned  per  hour  per 
boiler  horsepower  developed, 
this  figiure  giving  a  fairly 
liberal  allowance  for  the  use 
of  poor  coal  and  for  a  reason- 
able overload.  When  the 
coal  used  is  a  low  grade  bitu- 
minous of  the  Middle  or 
Western  States,  it  is  strongly 
recommended  that  these  sizes 
be  increased  materially,  such 
an  increase  being  from  25  to 
60  per  cent,,  depending  upon 
the  nature  of  the  coal  and  the 
capacity  desired.  For  the 
coal  burned  per  hotu:  for  any 
size  stack  given  in  the  table, 
the  values  should  be  multi- 
plied by  6. 
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A  convenient  rule  for  large  stacks,  200  feet  high  and  over,  is 
to  provide  30  square  feet  of  cross  sectional  area  per  1 ,000  rated 
horse  power. 

Stack  Sizes  by  Kents  Formula 

(Assuming  5  lbs.  of  coal  per  horse  power) 


^1 

Height  of  Stack  in  Feet 

i| 
III 

Is 

ii 

ll 

SO 

60 

70 

80 

90 

100 

no 

»*S 

ISO 

»7$ 

Commeicial  1 

Sj 

33 

5-94 

106 

"5 

125 

»33 

141 

X49 

•    « 

«  •* 

•  • 

•  •  ■ 

30 

33 

36 

7.07 

129 

141 

152 

163 

>73 

182 

.  V 

t     . 

•  • 

• 

32 

36 

30 

8.30 

«55 

169 

183 

196 

208 

219 

229 

245 

«  • 

.'  . 

35 

39 

4' 

9.63 

»83 

200 

216 

23» 

245 

258 

271 

2S9 

3^6 

r  . 

38 

42 

4» 

"57 

246 

269 

290 

3" 

330 

348 

365 

389 

426 

460 

43 

48 

54 

15-90 

318 

348 

376 

402 

427 

449 

472 

503 

551 

595 

48 

54 

60 

19.64 

400 

437 

473 

50s 

536 

565 

593 

632 

692 

748 

54 

60 

66 

23.76 

490 

537 

S8o 

620 

658 

•694 

728 

776 

849 

918 

59 

66 

7» 

.28.27 

59« 

646 

6q8 

747 

792 

835 

876 

934 

1033. 

1 105 

6« 

72 

78 

3318 

700 

766 

828 

88s 

939 

990 

1038. 

1107 

I2I2 

1310 

70 

78 

84 

3848 

81S 

896 

968 

1035 

1098 

ns7 

1214 

1394 

I418 

1 531 

75 

84 

Height  of  Stack  in  Feet 

too 

no 

"$ 

ISO 

«7S 

aoo 

aaS 

«50 

Coauneicial  Hon*  Pbwcr 

90 

44.18 

1338 

1403 

1 

1496 

1639 

1770 

1893 

2008 

2116 

80 

90 

96 

50J7 

»532 

1606 

1 

713 

1876 

2027 

2167 

2298 

2423 

86 

96 

102 

56.75 

1739 

1824 

1 

1944 

2130 

2300 

2459 

2609 

«750 

9« 

I02 

108 

63.62 

>959 

2054 

(190 

2392 

2592 

2770 

2939 

3098 

98 

K)8 

"4 

7088 

2192 

2299 

S45« 

2685 

2900 

3100 

3288 

3466 

101 

"4 

ISO 

78.54 

2438 

2557 

736 

2986 

3226 

3448 

3657 

3855 

107 

120 

126 

86.S9 

2697 

2829 

}oi6 

330J 

3568 

3814 

4046 

4265 

112 

126 

13a 

95.03 

2970 

3"4 

J331 

3637- 

3929 

4300 

4455 

4696 

"7 

132 

144 

113.10 

3554 

3726 

J973 

4352 

'4701 

5026 

5331 

5618 

12IS 

144 

156 

»3«-73 

4190 

4393 

i 

\6S4 

5»3» 

5542 

5925 

6285 

6624 

138 

156 

168 

»53-94 

4878 

5"5 

5454 

5974 

6454 

6899 

7318 

7713 

150 

168 

/n*/i«a6ore*a6le  the  following  formula  is  used:  H.  p.  -3.3  (A — .6  V)  VH,  in  which  A  — 
area  in  sq.  ft.  and  H  ■■  height  in  feet.  For  pounds  of  coal  burned  per  hour  for  any  given  size 
of  chimney,  multiply  the  figures  in  the  table  by  5. 
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Calculation  of  Chimney  for  Battery  of  5,000  Horse  Power 
Boilers. — The  following  calculation  is  submitted  by  the  Heine 
Chimney  Co.  In  order  to  deteimine  the  size  of  chimney  to 
handle  any  given  horse  power,  it  is  first  necessary  to  determine 
the  volume  of  gas  to  be  handled.  The  volume  of  flue  gas  is 
dependent  upon  the  combustible  matter  of  the  fuel,  the  non- 
combustible  matter  being  taken  out  of  the  furnace  in  the  form 
of  ashes.    Assuming  the  following: 

1     pound  of  combustible  14,500 S.^w. 

24    pounds  of  flue  gas  generated  per 

pound  of  combustible   (100% 

excess  air) 
1     pound  of  flue  gas  at  mean  stack 

temperature  25  cu.  ft.  gas 

Efficiency  of  boilers  (assumed)  60% 

33,000    B,t.u.  assumed  as  horse  power  equivalent 

we  may  express  the  number  of  cubic  feet  of  gases  discharged  per 
second  per  horse  power  hour  as  follows: 

33,000X  24X    25 
14,500X. 60X3,600 

The  velocity  of  the  gases  may  then  be  expressed  as  follows: 

y__4X.635XHP  ^  .81XHP 
D2x^  D2 

when 

V= Velocity  in  feet  per  second 
D  =  Diameter  in  feet 
HP  =  Horse  power 

In  the  case  herein  specified,  the  ntimber  of  horse  power  to  be 
developed  is — 5,000. 
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Arbitrarily  we  assumed 

D  =  12'0'' 

Substituting  these  values  in  the  velocity  formula,  we  have 
V=  - — :r^ —  =  28.20  feet  per  second 

The  draught  losses  in  the  chimney  are  made  up  of  three  items: 
First,  the  head,  or  pressure,  required  to  maintain  the  velocity 
of  discharge; 

Second,  the  head,  or  pressure,  required  to  overcome  the  fric- 
tion of  the  walls; 

Third,  the  head,  or  pressure,  required  to  overcome  the  velocity 
head  loss  due  to  the  right  angle  intake  bend. 

Combining  the  formulae  which  may  be  deduced  from  these 

various  losses,  we  find  that  the  total  losses  in  the  chimney 

amount  to 

.00051— V2 

This  formula  is  based  on  the  assumption  of  the  following: 

atmospheric  pressure 14.7  pounds 

atmospheric  temperature 60  degrees  P. 

mean  stack  temperature 500  degrees  F. 

density  of  chimney  gases  compared  with 

air 1.04 

Losses  in  the  breeching  are  generally  assumed  as  being  equal 
to  .001  per  foot  in  length,  this  being  based  on  a  rule  which  gives 
very  good  results. 

Right  angle  bend  losses  are  usually  assumed  as  one-third  of 
the  stack  loss  per  bend. 

A  loss  of  .25  through  Stirling  type  boilers  is  a  good  conservative 
figure  which  we  will  assume  in  these  calctilations.  (Boiler  losses 
vary  somewhat,,  being  least  with  a  tubtilar  and  highest  with  a 
Babcock  baffling.) 
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For  hand  fired  boilers,  a  draught  of  .2  in.  over  the  fire  is  usually 
advocated.  Should  you  figure  on  using  stokers,  a  draught  of  at 
least  35  in.  over  the  fires  is  usually  called  for  by  the  stoker  people . 

Applying  the?  above  losses  to  the  conditions,  we  derive  the 
following: 

Stack  losses  .00051  V^ 423 

Breeching  losses  (say) 1 

Two  bend  losses ', 1 

Boiler  losses  (Babcock  baffling) ; 3 

Fire  losses  (stokers) 35 

1.273 

The  above  figures  indicate  the  amount  of  draught  necessary 
in  each  instance  in  addition  to  the  furnace  draught  that  is 
required  to  maintain  the  given  rate  of  combustion. 

The  draught  due  to  one  foot  of  height  when  the  gases  have 
a  temperature  of  500  degrees  F.,  with  atmospheric  temperatures 
at  60  degrees  F.,  is  .0064  inch  of  water.  The  height  of  the 
chimney  required  to  produce  the  above  draught  is,  therefore, 

We  have  in  the  above  instances,  assumed  figures  which  we 
believe,  will  check  closely  with  general  conditions.  They  were 
made  upon  the  assumption  that  the  stack  would  be  placed  at 
the  end  of  the  battery  of  boilers  and  that  the  breeching  would 
have  a  straight  run  over  the  boilers  into  the  stack  without  any 
additional  turns. — Heine  Chimney  Co. 

Size  of  Chimneys  {Kent). — ^The  effective  area  of  a  chimney 
for  a  given  power  requirement  varies  inversely  as  the  square  root 
of  the  height.  The  actual  area,  in  practice,  should  be  greater, 
because  of  retardation  of  velocity  due  to  friction  against  the 
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in  which  H. P.  =  horse  power;  H= height  of  chimney  in  feet; 
E = effective  area  and  A  =  actual  area  in  square  feet ;  d = diameter 
of  chimney  in  inches.  The  constant,  3.33,  is  an  average  value 
obtained  by  plotting  the  results  obtained  from  numerous  exam- 
ples in  practice. 

The  table  of  chimney  sizes  on  page  2,598,  was  calculated  by 
means  of  the  formulae  just  given. 

It  should  be  noted  that  the  figures  in  the  table  correspond  to 
a  coal  consumption  of  5  pounds  of  coal  per  horse  power  per  hour. 
This  liberal  allowance  is  made  to  cover  the  contingencies  of  poor 
coal  being  used,  and  of  the  boilers  being  driven  beyond  their 
rated  capacity.  In  large  plants,  with  economical  boilers  and 
engines,  good  fuel  and  other  favorable  conditions  which  will 
reduce  the  maximum  rate  of  coal  consumption  at  any  one  time 
to  less  than  5  pounds  per  horse  power  per  hour,  the  figures  in  the 
table  may  be  multiplied  by  the  ratio  of  5  to  the  maximum 
expected  coal  consumption  per  horse  power  per  hour.  Thus, 
with  conditions  which  make  the  maximum  coal  consumption 
only  2.5  pounds  per  horse  power  per  hour,  the  chimney  300  feet 
high  X  12  feet  diameter  should  be  sufficient  for  6,155  X  2  = 
12,310  horse  power.    (See  table.) 

In  this  connection,  however,  it  should  be  observed  that  fuels, 
temperatures,  flues,  type  of  boilers,  economizers,  and  other 
accessories,  may  have  a  very  decided  influence  on  the  proper  size. 

Chimneys  for  Oil  Fuel. — ^The  chimney  requirements  when 
oil  fuel  is  used  are  very  different  from  those  for  coal  Consider- 
ably less  draught  is  required  for  oil  fuel,  but  this  is  somewhat 
offset  by  the  lower  temperature  of  the  gases  entering  the  chimney. 
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Since  the  volume  cf  gases  for  an  oil  fired  boiler  is  less  than  with 
coal,  less  chimney  area  is  required,  the  necessary  area  may  be 
taken  as  approximately  60%  of  that  for  coal. 

In  designing  chimneys  for  oil  fuel  excessive  draught  must  be 
avoided. 


'ic.  4.fl03.— Cunreashowing  relation  betmen  lbs.  of  coal  burned  pec  sq.  ft.  of  siate  BurfacB 
per  bour  and  draught  lequiied  between  furnace  and  aih  pit. 

gas  flow  through  the  boiler  regardless  of  the  rate  of  operation,  with  the 
corresponding  increase  of  excess  air  at  light  loads.  With  excessive  stack 
height,  economical  operation  at  varying  loads  is  almost  impossible  with 
hand  control. 

With  automatic  control,  however,  where  stacks  are  necessarily  high  to 
take  care  of  known  peaks,  under  lighter  loads,  this  economical  operation 
becomes  less  difficult.  For  this  reason  the  question  of  designing  a  stack 
for  a  plant  where  the  load  is  known  to  be  nearly  constant  is  easier  than 
for  a  plant  where  the  load  will  vary  over  a  wide  range.  While  great  care 
must  be  taken  to  avoid  excessive  draught,  still  more  care  must  be  taken 
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to  assure  a  draught  suction  within  all  parts  of  the  setting  under  any  and 
all  conditions  of  operation. 

It  is  very  easily  possible  to  more  than  offset  the  economy  gained  through 
low  draught,  by  the  losses  due  to  setting  deterioration,  resulting  from  such 
lack  of  suction.  Under  conditions  where  the  suction  is  not  stdficient  to 
carry  off  the  products  of  combustion,  the  action  of  the  heat  on  the  setting 
brick  work  will  cause  its  rapid  failure. 

The  table  which  follows  gives  chimney  sizes  and  horse  power, 
which  they  will  serve  for  oil  fuel.  The  table  is,  in  modified  form, 
one  calculated  by  Weymouth,  being  the  result  of  exhaustive 
study  of  data  pertaining  to  the  subject  and  will  ordinarily  give 
satisfactory  results. 

Stack  Sizes  for  Oil  Fuel 

(Adapted  from  C.  R.  Weymouth's  table,  Trans.  A  S.M.E.,  VoL  S4)- 


Height  in 

Feet  Above  Boiler  Room  Floor 

Diameter 
Inches 

1 

1 

80 

<P 

100 

120 

140 

160 

33 

161 

206 

233 

270 

306 

3'5 

36 

208 

253 

295 

331 

3^3 

3^7 

39 

251 

303 

343 

399 

488 

467 

42 

29s 

359 

403 

474 

521 

557 

48 

399 

486 

551 

645 

.713 

760 

54 

519 

634 

720 

847 

933 

1000 

60 

657 

800 

9»3 

1073 

"93 

12S0 

66 

813 

993 

^^33 

1333 

1480 

1593 

72 

980 

1206 

1373 

1620 

1807 

1940 

84 

1373 

1587 

1933 

2293 

2560 

2767 

96 

1833 

2260 

2587 

3087 

3453 

3740 

108 

2367 

2920 

3347 

4000 

4483 

4867 

120 

3060 

3660 

4207 

5040 

5660 

6160 

Figures  represent  nominal  rated  horse  power.  Sizes  as  given  good 
fbr  50  per  cent  overloads. 

Based  on  centrally  located  stacks,  short  direct  flues  and  ordinary 
operating  efficiencies. 
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Chimney  Ctonstruction. — The  materials  used  are  commiMily 
brick,  concrete,  and  steel  plate.  Since  the  weight  of  the 
chimney  must  be  supported  on  a  small  area,  the  foundation  be- 
COTnes  an  important  consideration 
and  should  be  built  only  under  the 
direction  of  an  experienced  engi- 
neer, according  to  the  design  fur- 
nished by  the  chimney  builder. 

It  must  be  evident  that  on  account 
of  the  great  height  of  a  chimney  as 
compared  with  its  diameter  any  settling 
rf  the  foundation  will  throw  the  chimney 
considerably  out  of  plumb  and  render 
it  unstable,  bence  ^eat  care  should  be 
taken  to  secure  a  ngid  foundation. 

Usually  the  foundation  can  be  built 
cheaper  by  the  owner  than  by  the 
chimney  contractor,  because  concrete 
work  is  going  on  for  the  boiler  setting, 
etc.,  and  the  entire  job  may  be  done 
at  the  same  time,  whereas  the  contractor 
would  have  to  secure  men  temporarily 
and  have  his  own  foreman  supervise 
the  work. 


Ques.  How  large  should  a 
concrete  foundation  be  made? 

Ans.  It  should  be  of  such  size 
that  the  pressure  due  to  the  weight 
of  the  chimney  will  not  exceed  one 
ton  per  square  foot. 

If  the  ground  be  of  stiff  clay  or  well 
packed  loam  the  load  may  be  twice 
this  value. 


Fki3.  4,6«  to  1,807.— Proportions  for  100  foo 
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Fig.  4.608.— Heine  remforeed  co 
Fig  .  4 ,609. — Heine  leinforced  « 
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make  the  diameter  at  the 
base  equal  to  one-tenth 
the  height.  This  refers  to 
the  cylindrical  portion  of 
the  chimney.  If  octagonal, 
the  diameter  of  the  in- 
scribed or  inter  circle  of  the 
octagon  is  taken  as  the 
diameter  of  the  chimney. 


The  tapCT  of  the  outside  ot 

a  round  chimney  is  J^  or  1^ 
inch  to  the  foot,  on  each  side 
for  special  brick  and  ^  inch 
for  common  brick.  The  bridb 
work  of  chimneys  less  than  5 
feet  in  diameter  may  be  one 
brick  (8  or  9  inches)  in  thick- 
ness for  the  first  25  feet  from 
the  too,  increasing  one-half 
brick  (4  inches)  in  thickness 
for  each  25  feet  from  the  top 
downward. 

If  the  diameter  be  greater 
than  5  feet ,  the  top  section  of 
25  feet  should  be  1 14  bricks 
thick,  increasing  as  before. 

For  chimneys  3  feet  in  dia- 
meter   and  smaller  the    top 
n  may  be  one-half  briti 


For  a  chimney  100  feet  high 
the  least  thickness  of  outer 
shell  is  16  inches  at  the  base 
and  for  20  feet  in  height,  then 
12  inches  thick  for  30  feet  in 
height,  and  8  inches  thick  for 
the  remaining  50  feet. 
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Chimney  Llnii^. 

— The  cone  or  lining 
is  built  separate  from 
the  shell  or  outer  wall. 
It  is  constructed  in 
steps  each  of  which 
may  be  one-third  the 
height  of  the  chimney. 
For  a  100  foot  chim- 
ney the  thickness  may 
be  12  inches  at  the 
base,  the  second  sec- 
tion 8  inches  and  the 
upper  section  4  inches 
thick.  The  core 
usually  is  lined  with 
fire  brick  for  from  25 
to  50  feet  above  the 
entrance  of  the  smoke 
flue. 


Aa  a  rule,  tor  ordin- 
ary boiler  work,  when 
the  temperature  does 
not  exceed  800"  Fahr., 
the  lining  need  not  be 
more  than'/i  of  the 
chimney  height. 

For  temperature  be- 
tween 800°  and  1,200° 
the  lining  should  be  H 
of  the  cViirrmey  height. 
Some  engineers  prefer 
to  extend  the  lining  the 


— Dstaila  of  reiaf  oiced  conciete 


ven  by  G 
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full  height  in  all  cases  where  boilers  are  likely 
to  be  torced.  When  this  is  done  the  lining 
and  outside  walls  should  be  independent  and 
not  tied  togeHier  at  the  top. 

Stacks. — ^The  term '  stack  means  a 
sheet  metal  chimney  with,  or  without  fire 
brick  lining.  This  construction  is  being 
extensively  used  when  great  height  is 
required,  because  it  avoids  the  enOTmous 
qtiantity  of  brick  or  concrete  necessary 
for  chimney,  and  on  account  of  the 
saving  in  weight,  massive  foundations 
are  not  required  and  less  space  is 
occupied.  Moreover  a  slight  settling  of 
the  foundation  is  not  followed  by 
masonry  cracks  as  with  chimneys. 

The  weight  of  metal  chimneys  when 
lined  is  in  most  cases  sufficient  to  with- 
stand overbtiming  by  ordinary  wind 
pressure,  but  the  precaution  of  bolting 
securely  to  a  good  foundation  should  be 
tal«n. 

High  Chimneys  Not  Necessary. — 

According  to  Kent,  chimneys  above  150 
feet  in  height  are  very  costly,  and  their 
increased  cost  is  rarely  justified  by  in- 
creased efficiency.  In  recent  practice  it 
has  become  somewhat  common  to  build 
two  or  more  smaller  chimneys  instead  of 
one  large  one,  a  notable  example  being 

PiO.  4,030. TyiMCol  salf-ei^portiBg  ited  ■ta^k,  showing  toundntiDii  uid  Bochor  bolts. 
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the  Spreckels  sugar  refinery  in  Philadelphia,  where  three  separate 
chimneys  are  used  for  one  boiler  plant  of  7,500  horse  power 
the   three  chimneys  are  said  to    have  cost  several   thousand 


arrAQgement  of  base  recomineiidcd,  showing  reinforce - 

-Bieelow  self-sustaining  stack,  Ehowing  arrsninmeat  of  base  and  anchor  bolts,, 
Itofthelugaonthecone.alsoieinforeemcnl  of  the  smoke  flue  Dpening. 
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100-]^OOT  STACKS 
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125-FOOT  STACKS 


Is 
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Ft.  In. 

Ft.  In. 

Ft.  Id, 

Ft.  In. 

In. 

Ft.  In. 

6  0 

8  0 

12  6 

6  0 

8 

2 

8  0 

8  0 

10  0 

15  0 

7  0 

8 

2 

0  0 

8  0 

10  0 

15  0 

7  0 

8 

2 

10  0 

0  0 

11  0 

16  0 

7  0 

8 

2 

11  0 

9  0 

11  0 

16  6 

8  0 

8  . 

2 

12  0 

10  0 

12  0 

17  6 

8  0 

8 

2 

13  0 

519 

895 

895 

^040 

1.240 

l.fl5 


Ft.  In. 

Ft.  In. 

Ft.  In. 

Ft.  In. 

Ft.  In. 

In. 

Ft.  In 

4  0 

6  0' 

8  0 

13  0 

7  0 

8 

2M 

8  0 

640 

4  6 

8  0 

10  0 

15  6 

8  0 

8 

214 

9  0 

1,070 

5  0 

8  0 

10  0 

15  6 

8  0 

8 

2\i 

10  0 

1.070 

5  6 

9  0 

11  0 

16  6 

8  0 

8 

2H 

11  0 

1.240 

6  0 

9  0 

11  0 

17  6 

9  0 

8 

2K 

12  0 

1.507 

6  6 

10  0 

12  0 

18  6 

9  0 

8 

2yi 

13  0 

1.719 

7  0 

12  0 

15  0 

22  0 

9  6 

8 

2H 

14  0 

2.650 

8  0 

12  0 

15  0 

22  0 

0  6 

8 

2\i 

16  0 

2.650 

9  0 

14  0 

17  0 

24  0 

9  6 

8 

2li 

18  0 

3.210 

10  0 

15  0 

18  0 

25  6 

10  0 

8 

2\i 

20  0 

3.820 
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Ft.  In. 

6  0 

6  6 

7  0 

8  0 

9  0 
10  0 


Ft.  In. 

Ft.  In. 

Ft.  In. 

Ft.  In. 

In. 

Ft.  In. 

9  0 

11.0 

IS  6 

10  0 

.10 

2H 

12  0 

10  0 

12  0 

19  6 

10  0 

10 

2H 

13  0 

12  0 

15  0 

22  6 

10  6 

10 

2H 

HO 

12  0 

15  0 

22  6 

10  6 

10. 

2H 

to  0 

14  0 

17  0 

24  6 

10  6 

10 

2H 

18  0 

15  0 

18  0 

26  0 

11  0 

10 

2H 

20  0 

dollars  less  them  a 
single  chimney  of 
their  combined  capac- 
ity wotild  have  cost. 

Ques.  What  may 
be  said  of  very  tall 
chimneys? 

Ans.  They  have 
been  characterized  by 
one  writer  as  being 
monuments  to  the 
folly  of  their  builders. 

The  author  not  only 
agrees  with  this 
opinion,  but  where  the 
money  saved  can  be  in- 
vested at  2  per  cent,  or 
more,  believes  chim- 
neys should  not  be 
built  higher  than  the 
roof,  utilizing  mechan- 
ical means  to  produce 
draught  instead  of  an 
enormous  mass  of  brick 
work  or  concrete. 

Effect  of  Altitude 

on    Chimney    Ca- 
pacity. — ^To  develop 

1 820     *^  "^  ^ 

2,(m   a  given  horse  power 

3.000   requires    a    constant 

3  000 

3.660  weight    of    chimney 

4,300   gas  and  air  for  com- 
==   bustion.     Hence,    as 


NOTE. — ^The  table  shows  sizes  of  most  commonly  used  self-sustaining  stacks  constructed 
as  shown  in  fig.  4,622. 
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the  altitude  is  increased,  the  density  is  decreased  and,  the 
velocity  through  the  furnace,  the  boiler  passes,  breeching  and 
flues  must  be  correspondingly  greater  at  altitude  than  at  sea 
level.  The  mean  velocity,  therefore,  for  a  given  boiler  horse 
power  and  constant  weight  of  gases  will  be  inversely  proportional 
to  the  barometric  pressure  and  the  velocity  head  meastired  in 
coliunn  of  external  air  will  be  inversely  proportional  to  the  square 
of  the  barometric  presstu-e. 

For  chimneys  operating  at  altitude  it  is  necessary  not  only  to 
increase  the  height  but  also  the  diameter,  as  there  is  an  added 
resistance  within  the  stack  due  to  the  added  friction  from  the 
additional  height.  This  frictional  loss  can  be  compensated  by  a 
suitable  increase  in  the  diameter  and  when  so  compensated,  it  is 
evident  that  on  the  assmnptions  as  given,  the  chimney  height 
would  have  to  be  increased  at  a  ratio  inversely  proportional  to 
the  square  of  the  normal  barometric  pressure. 

Ample  accuracy  is  obtained  by  making  the  height  merely 
proportional  to  the  barometric  readings  and  increasing  the 
diameter  so  that  the  stacks  used  at  high  altitudes  have  the  same 
frictional  resistance  as  those  used  at  low  altitudes,  although,  if 
desired,  the  stack  may  be  made  somewhat  higher  at  high  alti- 
tudes than  this  rule  calls  for  in  order  to  be  on  the  safe  side. 

The  increase  of  stack  diameter  necessary  to  maintain  the  same 
friction  loss  is  inversely  as  the  two-fifths  power  of  the  barometric 
presstire. 

The  table  on  the  next  page  gives  the  ratio  of  barometric 
readings  of  various  altitudes  to  sea  level,  values  for  the  square 
of  this  ratio  and  valves  of  the  two-fifths  power  of  this  ratio. 

These  figures  show  that  the  altitude  affects  the  height  to  a  much  greater 
extent  than  the  diameter  and  that  practically  no  increase  in  diameter  is 
necessary  for  altitudes  up  to  3,000  feet. 

For  high  altitudes  the  increase  in  chimney  height  necessary  is,  in  some 
cases^  such  as  to  make  the  proportion  of  height  to  diameter  impracticable. 
The  method  to  be  recommended  in  overcoming,  at  least  partially,  the  great 
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increase  in  height  necessary  at  high  altitudes  is  an  increase  in  the  grate 
surface  of  the  boilers  which  the  chimnejr  serves,  in  this  way  reducing  the 
combustion  rate  necessary  to  develop  a  given  power  and  hence  the  draught 
required  for  such  combustion  rate. 

Stacks  for  Wood  Fuel. — The  character  of  this  kind  of  fuel 
is  such  that  the  loss  of  draught  through  the  bed  of  the  fuel  will 
vary  widely.  Economy  being  of  little  importance,  high  stack 
temperattures  may  be  expected,  and  after  unavoidably  larger 
quantities  of  excess  air  are  supplied  due  to  the  method  of  firing. 

Stack  Capacities,  Correction  Factors  for  Altitudes 


Altitude 

Height  in  Feet 

Above 

Sea  Level 

Normsil 
Barometerv 

R 

Ratio  Barometer 

Reading 

Sea  Level  to 

Altitude 

R» 

Ratio  Increase 
in  Stack 
Diameter 

o 

lOOO 
2000 
3000 
4000 
5000 
6000 
7000 
8000 

90cx:» 

lOOOO 

30.00 
28.88 
27.80 
26.76 
25.76 

24.79. 
23.8f 
22.97 

22.11 
21.28 
20.49 

1.000 

1.039 

1.079 
1.121 

1. 165 
1.210 
r.257 
1.306 

J -357 
1. 4 10 

1.464 

1. 000 

1.079 

1.064 

1.257 
1356 

1.464 

1.580 
1.706 
1. 841 
1.988 
2.144 

1. 000 
1. 01 5 
1.030 

1.047 
1.063 
1.079 
1.096 
I.II3 

I.I30 
I.I47 
1. 1 65 

In  general,  it  may  be  stated  that  for  this  class  of  fuel  the  diameter  of 
stacks  should  be  at  least  as  great  as  for  coal  fired  boilers,  while  the  height 
may  be  slightly  decreased.  It  is  far  the  best  plan  in  designing  a  stack  for 
boilers  using  wood  fuel  to  consider  each  individual  set  of  conditions  that 
«xist,  rather  than  try  to  follow  any  general  rule. 

One  factor  not  to  be  overlooked  m  stacks  for  wood  burning  is  their 
location.  The  fine  particles  of  this  fuel  are  often  carried  imconsumed 
through  the  boiler,  and  where  the  stack  is  not  on  top  of  the  boiler,  these 
particles  may  accumtdate  in  the  base  of  the  stack  below  the  point  at  which 
the  flue  enters. 

Where  there  is  any  air  leakage  through  the  base  of  such  a  stack,  this 
fuel  may  become  ignited  and  the  stack  burned.    Where  there  is  a  possibility 
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of  such  action  taking  place,  it  is  well  to  line  the  stack  with  fire  brick  for 
a  portion  of  its  height. 

How  to  Raise  a  Stack. — ^Because  of  the  large  call  for  stacks, 
the  raising  and  lowering  of  these  stacks  has  become  a  special 
trade.  In  order  to  obtain  practical  information  on  this  subject, 
the  following  questions  were  put  to  an  expert  stack  erector:  What 
is  the  quickest  and  safest  way  to  raise  a  smoke  stack,  60  feet  long 
and  42  inches  in  diameter,  weighing  3,000  pounds.  The  old 
stack  is  to  be  taken  down,  the  time  being  limited  to  ten  hours 
by  contract.  Stack  is  to  be  raised  12  feet  to  foundation.  How 
heavy  should  spliced  square  pine  timbers  be,  of  which  pole  is  to 
be  made? 

The  expert  replied  as  follows: 

* 'Would  suggest  the  following  scheme  for  raising,  if  the  conditions  will 
allow:  After  erecting  and  securely  gu3ring  the  pole,  place  the  stack  upon 
the  ground  with  the  lower  end  as  near  to  the  pole  as  the  walls  of  the  builing 
will  permit;  attach  the  permanent  guys  at  their  proper  places,  and  make 
yotir  sling  fast  to  the  stack  at  a  point  about  one-thu:d  of  its  length  from  the 
top  end,  rig  the  tackle  and  nm  the  down  haul  around  the  drum  of  a  crab. 

**Pine  tinibers  six  inches  square  (the  pole  not  to  be  over  40  feet  long), 
properly  spliced,  would  safely  carry  the  weight  if  free  from  knots  or  weak 
spots.  A  good  straight  telegraph  or  telephone  pole  40  feet  in  length  and, 
say,  5  inches  through  at  the  top,  would  be  better. 

• 

"Take  care  that  the  hitch  on  the  pole  is  made  high  enough  so  that  the 
stack  can  be  raised  to  an  upright  position  without  brining  the  blocks 
together. 

**As  the  stack  is  raised,  it  caii  be  guided  and  held  upright  by  the  guys 
which  may  be  temporarily  secured. 

"The  stack  now  stands  erect  upon  the  grotmd  at  the  side  of  the  building. 
Make  another  hitch  at  a  lower  point  upon  the  stack  stiffident  to  allow  the 
same  to  be  raised  to  its  maximtun  height,  and  secure  the  lower  block  of  the 
lifting  tackle  fast  to  this  hitch. 

"Place  a  sling  arotmd  the  bottom  of  the  stack,  and  make  fast  a  tackle 
to  pull  from  a  point  directly  in  line  with  stack  and  pole.  Proceed  to  raise 
stack,  keeping  it  in  a  vertical  position  and  just  clear  of  the  building;  by  the 
aid  of  this  last  tackle  and  the  guy  wires,  until  the  bottom  of  stack  is  above 
the  roof,  when  the  lower  tackle  may  be  slacked  off  and  the  stack  moved  in 
toward  the  pole  and  lowered  to  its  foundation. 
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"The  stack  which  is  there  now  may  be 
removed  in  precisely  the  reverse  manner. 
Three  sheave  blocks  would  be  about  the 
proper  thing  to  use." 

The  table  on  page   2,608    (by  Bigek)w 
Boiler  Co.)   gives  sizes  of  most  commonly 
used    guyed    and    self    sustaining 
stacks. 


REDUCING  


NOTE.— A  lunins 

ialZ2  feet  high   1 1  f«t  Kiuare  at  the  baw,  Minririg  lomewhBt  at  the 

hree  sides.    As  the  bnclu  were  removed,  iquara  blocks  of  mod  were 
.  until  thitt  Hides  .>f  the  stnictuiB  re>l«^on  the  blocks.    Between  tho 

=«  BH  inches  high  were  built.  '-cavinBa  space  4K  Inches  between  the 

the  stack  slowly  righted 

fiasutes  appeared  near  th 
weight  of  the  walls .   The 

ntuG  work  consumed  one  day.  and  the  reduction  of  the  wooden  blodis 
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Smoke  Connections  and  Breechings. — Smoke  connections 
for  boilers  48  inches  in  diameter  and  under  should  be  made  of  14 
and  for  larger  boilers,  of  No.  12  U.  S.  S.  steel.  Figs.  4,623  to 
to  4,631,  show  various  designs. 


FlO.  4,631. — BreechinB  for  two  boiler  ioatHlUtion  nrith  ■o-caUed  haU-atcb  Inint. 

The  round  type  of  smoke  connection  is  generally  used  only  for  smaD 
installations,  because  i£  built  larger  than  say  four  feet  in  diameter  it  is 
liable  to  lose  its  shape. 

A  rectangular  smoke  connection,  as  shown  in  fig.  4,623,  ke^  its  shape 
much  bettCT  than  the  round,  is  easier  to  assemble  and  is  specially  recom- 
tnended  for  large  installations.  With  it  sufficient  area  can  be  obtained  by 
making  it  of  almost  any  necessary  rectangular  shape,  that  is  to  say,  narrow 
and  high  or  vice  versa. 

NOTE. — When  two  flues  enter  a  larger  one  at  right  anEles  to  it,  opposite  each  other,  as 
B  frequently  the  case  where  there  is  a  laiEE  numbef  of  boilers  in  a  battery,  and  the  chimney  is 

prevent, their  "butting,"  as  it  may  be  termed.    The  same  thing  ehould  always  be  done  when 
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Formerly  the  miller  relied  upon  nature  to  grind  his  com  by 
installing  a  wind  mill,  but  today  such  method  is  considered  primi- 
tive. Similarly  and  until  recently  nature  has  been  used  ex- 
clusively to  furnish  draught  for  furnaces,  through  the  medium 
of  a  chimney  or  stack. 

A  large  number  of  power  plant  owners  think  that  the  expense 
of  creating  a  draught  consists  simply  in  the  cost  of  the  chimney, 
but  such  is  far  front  being  the  case. 

It  can  be  shown  that  even  though  the  money  invested  in 
medium  and  large  size  chimneys  could  not  be  put  out  at  over  2%, 
mechanical  draught  would  result  in  a  saving,  and  accordingly 
the  quotation  made  in  the  last  chapter  may  weU  be  repeated 
here;  that  is,  very  tall  chimneys  have  been  characterized  by  one 
writer  as  being: 

Monuments  to  the  folly  of  their  builders. 

When  a  chimney  is  used  it  has  to  do  two  things: 

1.  Provide  suflficient  draught  to  force  the  air  through  the  bed 
of  fuel. 

With  the  heavy  fires  carried  in  some  fiimaces  this  is  considerable. 

2.  Provide  additional  draught  to  **suck'*  or  pull  the  air  and 
products  of  conbustion  up  the  chimney. 
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Where  mechanical  draught  is  used  the  chimney  is  relieved  of 
the  first  item,  which  represents  n<^ly  all  the  duty  that  otherwise 
would  be  performed  by  the  chimney. 

Because  ■chimrpj'  draugM  is  natural,  it  does  not  mean  as  sup- 
posed bv  T'*-"y '  *^* ''  disposes  of  the  gases  without  work  or  cost . 


rouble  IS  eiperienced  fr 


^,  Mss£.  The  removal  of  the  boilen 
to  permit  of  iu  longer  EulRUing  iU  off 
id  the  sulaeguenl  removnl  of  the  chi 
:  in  fig.  4.633,  extends  only  31  feel 


It  takes  energy  to  move  the  gases,  that  is,  there  must  be  a  differ- 
ence of  pressure  between  the  inside  of  the  chimney  and  the 
atmosphere  outside  (as  explained  in  the  previous  chapter)  and 
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This  difference  of  temperature  is  ordinarily  from  500  to  6.000 
F. ,  and  as  a  result,  according  to  Walter  B .  Snow,  from  20  to  40% 
of  the  heat  of  the  fuel  is  dissipateain  thft  atmosphere  without  any 
useful  effect  further  than  producing  a  dran^t.  In  this  con- 
nection, Snow  says:  ""~-^ 

"Any  attempt  to  utilize  a  portion  of  the  waste  necessarily  reduces  ti^ 
temperature  and  lessens  the  draught  which,  in  the  case  of  a  chinmey,  can 
only  be  made  good  by  increasing 
its  height.  A  chimney  100  feet 
high  with  external  air  at  60  °  and 
internal  gases  at  600°  will  pro- 
duce an  unbalanced  pressitfe  of 
about  .65  inch.  If  the  tem- 
perature of  the  gases  be  lowered 
to  300  °,  a  chimney  about  ISOfeet 
in  height  will  be  required  to 
produce  the  same  intensity ,  while 
for  a  temperature  as  low  as  200" 
the  chimney  will  have  to  be 
about  240  feet  high." 


waste  gases  is  therefore  impos- 
sible, for  in  order  to  maintain 
the  draught  they  must  of  neces- 
sity pass  away  at  relatively  high 
temperature.  A  high  chimney 
on  the  other  hand  entails  con- 
siderable expense  and  even  then 
continues  to  wastefuUy  employ 
the  heat." 


jlunger  and  _, _  .  _.      . 

this  movement  being  rEoealed  until  sufGdent  fuel  is  in  the  retort.  Air  at  low  pressure 
being  admitted  into  the  air  chamber  and  through  the  tuyere  blucks.  over  the  top  cf  thet 
men  fuel  in  the  retort,  but  under  and  through  the  buining  fuel,  the  result  is  that  the  heat 
froni  tho  burning  fuel  over  ths  retort  Elowly  liberates  the  gas  from  the  green  fuel  in  tho 
retort.  Thisgasleing  thoroughly  miied  with  theineoming  air  beforeit  passes  through  the 
burning  fuel  above,  results  in  a  bright,  clear  fire,  free  from  smoke,  and  the  complete  com- 
bu-stion  of  all  the  heat-producing  elements  in  tt.e  fuel.  The  retort  being  an  tight  from 
below  and  the  fuel  being  in  a  compact  mass  in  the  retort,  the  air  mil  f-f^^  *»V  "i  ths 
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As  compared  with  this  wastefLxl  procp«  of  air  movemetit  a  fan  MJb  for 
an  exMn<foure  o£  only  about  1 .33%  of  the  heat  required  by  IJie  ordwary 
chimnVy  to  produce  the  same  resuKs.    Or  m  other  words  praot.cally  aU  of 
theh^t  of  the  waste  gases  is  -;:ndered  avadable  for  utJi^afon 
and  it  only  remains  t-r^-'oyi^  the; 
ing  the  hiat.    ^^  effect>s^  worki 
•  thise  rass—'^st  b«  approKimately 
^1  ,.jSa  within  the  boiler.   Betw« 
,  nine  temperature  is  marked  the  i 
abstractor  may  be  effective. 


thorough  in 


dthvery  slack  for  mechanical  draught 

t  of  space  the  upp '■ '  "■-  '- 

IV  Eeem  unkind  by 


ter  portion  of  the  latter  is 
talfchimneir  cranks,  but  ■ 
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Reports  of  tests  made  bv  W.  R.  Roney  in  plants  equipped  with  fuel 
economizers  and  mechanical  draught  apparatus  in  place  of  a  chimney  show 
an  average  saving  of  about  15  per  cent,  resulting  from  the  introduction  of 
this  combination. 

In  comparing  chimneys  with  mechanical  draught  the  principal 
things  to  consider  are: 

1.  Draught  required  at  different  combustion  rates  for  various 
kinds  of  coal. 


2.  Chimney  temi)eratures. 

3.  Height  of  chimney  necessary  to  pro- 
duce the  required  draught. 

4.  Relative  costs  and  maintenance. 

5.  Nature  of  the  load. 

6.  Relative  space  required. 


Draught  Required  for  Diflferent 
Fuels. — ^For  every  kind  of  fuel  and  rate  of 
combustion  there  is  a  certain  draught  with 
which  the  best  general  results  are  obtained. 
A  comparatively  light  draught  is  best  with 
the  free  burning  bituminous  coals  and  the 
amount  to  use  increases  as  the  percentage 
of  volatile  matter  diminishes  and  the  fixed 
carbon  increases,  being  highest  for  the 
small  sizes  of  anthracites.  Numerous  other  factors  such  as  the 
thickness  of  fires,  the  percentage  of  ash  and  the  air  spaces  in  the 
grates  bear  directly  on  this  question  of  the  draught  best  suited  to 
a  given  combustion  rate.  The  effect  of  these  factors  can  only  be 
found  by.  experiment. 


Pig.  4,637. — ^Upper  por- 
tion of  natural  dratight 
stack  shown  on  page 
2.618. 
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The  curves  in  fig.  4,638  show  the  draught  necessary  to  burn  various  kinds 
of  coal  at  different  combustion  rates. 

The  amount  of  coal  which  can  be  burned  per  square  foot  of  grate  per 
hour  is  governed  by  the  character  of  the  coal  and  draught  available.  When 
the  boiler  and  the  grate  are  proF)erly  proportioned,  the  efficiency  will  be 
practically  the  same  for  different  combustion  rates  within  reasonable  limits. 

Chimney    Temperatures. — The    height    of    a    chimney 
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POUNDS  OF  COAL  BURNED  PCR  ^..FT.OF  GRATE  SURFACE  PER  HOUR 

Fig.  4.638. — Balbcock  and  Wilcox  curves,  showing  draught  required  for  various  coals.  Al- 
though the  values  here  given  for  difference  in  pressure  between  the  ash  pit  and  space  im- 
mediately over  the  fire  (with  uniform  grates)  are  determined  with  fair  degree  of  accuracy 
and  may  be  considered  trustworthy,  it  should  be  noted  that  it  is  impossible  to  state  definitely 
the  /olal  draught  required  for  efficient  combustion  of  any  given  fuel  because  the  total  draught 
required  for  any  particular  installation  depends  upon  quite  a  number  of  items,  such  as  type 
of  boiler,  rate  of  combustioai  quality  of  coal.  thicKness  of  fire  bed,  area  and  arrangement  of 
breeching,  height  and  cross  sectional  area  of  stack,  etc.,  and  these  factors  are  variable. 


necessary  to  produce  a  given  draught  is  influenced  greatly  by  the 
temperature,  because  the  hotter  the  column  of  gases  within  the 
chimney,  the  less  the  weight  and  consequently  the  greater  the 
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pressiire  difierence.     The  effect  of  temperatures  on  draught  is 
shown  in  the  following  table: 


Thecn«tlcal  Draught  Pressure  la  laches  of  Water 

(for  a  chimney  100  ft,  high;  for  other  heights,  the  draught  varies  as  the  height) 


This  table  is  only  approximate  because  it  is  calculated  (as  has  been,  done 
by  Rankine  and  others),  on  the  supposition  that  the  temperature  is  uni- 
form, but  in  practice  this  is  far  from  being  the  case.  In  one  instance  a 
122-foot  chimney  showed  a  temperature  at  the  base  of  320  °  and  at  the  top 
of  only  230°,  hence  a  less  draught  is  obtained  in  practice  than  indicated  by 
the  table. 

Now,  to  bum  say  20  pounds  of  No.  1  anthracite  buckwheat  per  square 
foot  of  grate  per  hour  would  require  (from  fig.  4,638),  a  .^inch  draught. 
Assuming  an  external  temperature  of  50°,  the  temperature  in  a  100-foot 
chimney  necessary  to  produce  this  draught  would  from  the  table  be  a  little 


Draught  Required  In  Furnace  of  Water  Tube  Boiler 


Kind  of  ca.1                    |pound>  of  i, 
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over  500°,  Since  this  temperature  represents  considerable  waste,  the 
efficienw  could  be  improved  by  installing  an  economieer,  but  this  would 
reduce  the  chimney  temperature  about  200  °,  which  would  (according  to  the 
table),  raiuce  the  draught  to.  292incli,  and  the  combustion  rate  (as  given  in 
fig.  4,638),  to  11}^  pounds.  Hence,  the  chimney  would  be  inadequate  to 
serve  the  boiler  with  economizer,  necessitating  mechanical  draught.  If  ttris 
had  been  considered  before  erecting  the  chimney  considerable  money  could 
have  been  saved,  as  with  mechanical  draught  it  is  only  necessary  to  carry 
■lie  gases  out  of  the  building  by  a.  very  short  stack. 


Fig.  4.639.— Osaka  Japan  ' 
whicb  supeiseded  the  chi 
consideration .  especially  1 

Height  of  Chimney. — It  has  been  shown  in  the  pressure 
section  that  chimney  height  necessary  to  produce  the  reqtoired 
draught  is  greatly  influenced  by  the  temperature  of  the  gases,  the 
draught  required  entirely  depending  on  the  kind  of  fuel  as  well 
js  the  rate  of  combustion. 
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In  deciding  whether  to  employ  chimney  draught  or  mechani- 
cal draught  all  these  items  should  be  considered,  thus  figuring 
on  a  chimney  of  adequate  size  to  serve  the  plant  under  the  most 
severe  conditions  as  a  basis  for  comparison  with  mechanical 
draught. 

Fig.  4,639  gives  a  good  idea  of  the  relative  sizes  of  a  chimney  and  the 
equivalent  mechanical  draught  stack.' 

Nature  of  the  Load. — There  are  no  two  plants  in  which  the 
character  of  the  load  is  exactly  the  same,  and  in  order  to  intelli- 
gently design  a  power  house,  the  nature  of  the  load  must  be  the 
first  consideration.  In  some  pumping  plants  for  instance,  the 
load  is  practically  constant,  whereas,  in  most  other  plants,  espe- 
cially electric  light  and  traction  plants,  it  varies  widely.  Hence, 
arises  the  problem  whether  to  install  sufficient  boiler  capacity 
to  handle  the  maximum  load  under  natural  chimney  draught,  or 
a  lesser  number,  using  mechanical  draught  for  the  overload  or 
peak  load  periods. 

Handling  Peak  Loads.— Where  heavy  peak  loads  are  com- 
mon, it  will  usually  be  foxmd  more  economical,  both  from  the 
standpoint  of  first  cost  and  also  of  operation,  to  install  boilers 
of  sufficient  capacity  to  handle  the  normal  output,  of  the  station 
at  close  to  the  rated  capacity  of  the  boilers,  and  with  these  boilers, 
to  install  forced  draught  fans  of  sufficient  capacity  to  force  the 
boilers  to  overload  to  meet  the  temporary  peaks. 

It  is  not  at  all  unusual,  with  a  properly  designed  forced  draught  equip- 
ment, to  develop  from  125  per  cent,  to  225  per  cent,  of  the  rated  output  of 
the  boilers.  If  imderfeed  stokers  be  also  used,  much  higher  overloads  can 
be  carried.  This  forced  draught  method  of  handling  the  peak  loads  is 
usually  found  more  desirable  than  the  method  of  installing  sufficient  rated 
boiler  capacity  to  take  care  of  the  maximum  peak  loads,  and  it  has  foimd 
special  favor  in  those  plants  which  are  forced  to  take  care  of  high  peaks 
during  short  periods  of  the  year,  such  as  on  cold  winter  days  when  the  light, 
heat,  and  power  loads  overlap  for  short  periods  of  the  day. 
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Ques*  What  important  points  should  be  considered 
with  respect  to  peak  loads? 

Ans.  Their  extent,  frequency  and  diiration,  and  the  ratio 
of  heating  surface  to  grate  area  necessary  to  secure  maximum 
overall  efficiency. 

The  ratio  of  heating  sttrface  to  grate  in  stationary  boilers  is  commonly 
about  35:1 .  With  this  ratio,  the  increase  in  furnace  efficiency  at  moderate 
capacities  is  usually  at  a  greater  rate  than  in  the  decrease  in  boiler  efl&ciency 
at  first  with  an  increase  in  capacity.  This  makes  the  ordinary  point  of 
maximum  combined  efficiency  somewhat  above  the  boiler's  rated  capacity, 
and  in  many  instances  the  combined  efficiency  is  approximately  the  same 
for  a  considerable  range  of  ratings. 

According  to  Professor  Marks,  the  usual  variation  of  efficiency  with 
capacity  in  modem  boilers  and  furnaces  is  as  follows: 

Per  cent,  of  boilers  rated  capacity  developed 

80-100        120       140       160       180       200       220       240       260       280 

Corresponding  combined  efficiency  of  boiler  and  furnaces  in  per  cent.: 

76  74.9      74.8      74.6      73.9      73.2      72.2      70.8      69.1      66.9 

These  values  are  derived  from  a  number  of  tests,  the  results  of  which  have, 
as  far  as  possible,  been  modified  so  as  to  place  them  on  a  comparable  basis. 

Knowing  the  extent  and  duration  of  the  overloads  the  loss  due  to  decrease 
in  efficiency  can  be  computed,  and  the  result  will  indicate  whether  it  be 
advisable  to  increase  the  ratio  of  heating  surface  to  grate  area. 

Saving  by  Use  of  Cheap  Fuels. — By  means  of  mechanical 
draught,  inferior  fuels  such  as  culm  and  screenings  may  be 
'  substituted  for  higher  grade  coals.  The  cheap  fuels  like  the  fine 
anthracites  require  for  their  combustion  an  intensity  and  con- 
centration of  draught  which  the  chinaney,  unless  of  great  height, 
is  incapable  of  producing. 

By  the  use  of  lower  grade  fuels  a  saving  of  from  25  cents  to  $2  a  ton  can 
be  made,  and  although  more  of  the  cheaper  coal  is  necessary,  the  decrease 
in  its  cost  usually  far  exceeds  the  decrease  in  efficiency. 

The  possible  savings  are  shown  by  the  table  below  which  gives  the 
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anntial  saving  resulting  from  the  substitution  of  a  cheaper  coal  for  say- 
Cumberland,  costing  about  $5  a  ton.  The  basis  of  calculation  is  312  days 
of  10  hours  each. 

If  the  asstimption  be  made  that  a  coal  costing  $2.50  and  evaporating  only 
9  poimds  of  water  is  substituted  for  Cumb^land  the  annual  saving  would 
be  $8,494,  as  shown  by  the  table. 

According  to  Sturtevant,  the  fuel  cost  of  operating  the  fan,  even  if  the 
exhaust  steam  were  not  utilized  and  it  required  2  per  cent,  of  the  total  coal 
burned,  would  be  only  $179,  and  if  this  were  charged  against  the  saving, 
it  would  still  amount  to  $8,494,  a  sum  sufficient  to  show  a  most  creditable 
reduction  in  operating  expense. 

A  reduction  of  over  $125  per  week,  equivalent  to  $6,500  per  year,  has 
been  made  in  actual  practice  in  the  case  of  a  boiler  plant  of  1,000  horse 
power,  by  the  introduction  of  mechanical  draught  and  the  burning  of  buck- 
wheat and  yard  screenings  with  a  slight  mixtiire  of  Cumberland. 

Annual  Savings  Resulting  from  Burning  Chetper  Fuel  in  1000  H.  P.  Boiler  Rant 
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Maintenance  Cost. — This  depends  to  a  certain  extent  upon 
the  method  of  application.  If  applied  to  force  air  to  the  ash  pits, 
it  will  operate  at  moderate  speed,  will  handle  only  cool  air,  and 
will  last  as  long  as  the  usual  boiler  fixtures.  If  employed  to 
exhaust  the  gases  from  the  boilers,  it  will  be  subjected  to  tem- 
peratures ranging  up  to  perhaps  600°. 

Overheating  of  shaft  bearings  is  avoided  by  passing  water 
through  the  chambers  provided  in  the  boxes.  The  conditions, 
so  far  as  they  affect  the  life  of  the  fan  are,  according  to  Sturte- 
vant, probably  no  more  severe  than  in  the  case  of  a  forced 
draught  installation. 
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Cost  of  Operation. — This  depends  upon  the  disposition  of 
the  exhaust  from  the  fan  engine.  If  this  be  utilized  as  it  should 
be  in  any  well  planned  plant,  the  cost  of  draught  production 
becomes  very  small.  If,  however,  the  exhaust  must  be  discharged 
to  the  atmosphere  the  actual  expense  of  operation,  as  measured 


1.000 


HORSE-POWER 


2.000 


3i000 


Fig.  4,640.— Comparative  cost  of  chimney  and  mechanical  draught,  in  a  number  of  boiler 
plants  widely  varying  according  to  Snow.  In  certain  of  these,  the  cost  of  the  existing 
chimney  is  known,  and  that  of  tne  complete  mechanical  draught  plant  is  estimated,  while  in 
others,  the  cost  of  mechanical  draught  installation  is  determined  from  the  contract  price ,  and 
the  expense  of  a  chimney  to  produce  equivalent  results  is  calculated.  Costs  are  shown  for 
both  single,  forced  and  mdvced  engine  driven  fans  and  for  duplex  en^iine  driven  plants^  in 
which  either  fan  may  serve  as  a  relay .  An  apparatus  of  the  latter  type  is  the  most  expensive , 
and  finds  its  greatest  use  where  economizers  are  employed. 


by  the  proportion  of  the  steam  used,  compared  with  that  gener- 
ated ranges,  according  to  Sturtevant,  from  3^  to  2  per  cent,  in 
plants  of  reasonable  size  up  to  perhaps  3  to  4  per  cent,  in  small 
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II  to  4, MJ.— Various  a 


diau^t  fan;  Jig.  4,642,  forced  draueht  [an 
taa  with  SlerlinB  boiler;  fie.  4,644, 7an  and 


irterant  fans  for  mechanical  draught.  Fig. 
?ed  stolrer.  fuel  econom jcr,  and  induced 
h  Rile)-  stokers;  fig.  4,6*3,  forced  draught 
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plants;  Professor  Marks  gives  2  to  4  per  cent,  for  induced  draught 
installations.  These  figures  are  evidently  based  on  the  wasteful 
types  of  engines  ordinarily  used  for  fan  drive.  These  are,  for 
small  and  medium  size  plants ,  common  slide  valve  or  piston  valve 
single  cylinder  throttling  engines  requiring  60  to  60  pounds  feed 
water  nog-condensing  and  40  to  50  pounds  condensing,  and  for 


Pic.  tfit5. — GfBham  special  tiuok  piston  tianefer  eioansion  staam  jaclcetted  caallating  engiBe 
direct  connected  to  blower.  This  method  ( '  jacltettinB  ia  aueh  that  the  rteam  passing  through 
the  cylinder  is  brought  into  man  intimate  contact  with  the  lacketted  walls  than  in  any  other 
system,  thus  permitting  a  high  deiree  of  expansion  without  condensation.     The  value  of 

ii  bued  on  his  investigabon  nf  steam  jadcets  and  test  data  especially  that  of  Donlon. 

large  plants,  automatic  cut  off  engines,  requiring  about  32  pounds 
feed  water  non-condensing  and  28  pottnds  condensing.  It  is  a 
strange  fact  in  engineering  that  little  or  no  attention  is  paid 
to  small  items  in  regard  to  economy. 


MECHANICAL  DRAUGHT  2,629 

Although  the  steam  required  for  fan  drive ,  even  with  the  waste- 
ful engines  jiist  mentioned,  is  only  a  small  percentage  of  the  total 
steam  generated,  this  is  no  reason  for  not  providing  an  efficient 
engine. 

Fig.  4,645  shows  the  author's  transfer  expanGioa  osciUatir^  engine  direct 

connected  to  a  blower.    This  engine  is  designed  especially  tor  economy  and 

^^^  will  run  on  about  20 


ical 
Sys- 

e  axe 
)ds  of 
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each 


Figs.  4,616  to  4,M8.— McCIave'a  Args 
Ting;  4,M8,  seclional  view  shawiQB  St. 
Ul»  two  hoirow  truncstfd  cones  with 
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having  its  individual  characteristics,  and  conditions  for  which 
it  is  suitable.  The  several  ways  in  which  mechanical  draught  is 
produced  is  by  means  of: 

1.  Steam  jets. 

2.  Pressure  in  the  ash  pit  (forced  draught). 

3.  Suction  in  the  stack  (induced  draugki). 

4.  Combined  pressure  and  suction  (balanced  draught). 


Steam  Jets. — Economically,  the  production  of  draught  by 
means  of  steam  jets  may  be  regarded  as  a  makeshift  becatise  the 
steam  consumption  of  the  jet,  either  under  the  grates  or  in  the 
stack ,  may  run  as  high  as  30  per  cent .  of  the  total  steam  generated , 
a  fair  figure  according  to  Professor  Marks,  being  from  5  to  10 
per  cent. 

For  some  systems  of  ash  pit  steam  blast  the  consumption  may 
be  as  low  as2J/^per  cent,  under  test  conditions.    A  good  system. 
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under  ordinary  operating  conditions  will  probably  require  from 
4  to  6  per  cent,  of  the  total  steam  generated.* 

The  last  two  items  account  for  the  extensive  use  of  jets  in  marine  practice, 
especially  on  boats  of  medium  or  small  size. 

Ques.    What  conditions  favor  the  use  of  jets? 

Ans.     They  are  desirable  for  intermittent  use,  as  a  help  to 


h 


STACK 


OCT  BLOWER 


Pigs.  4.651  and  4.652. — Ordinary  steam  jet  blower  made  from  wrought  pipe.  The  pipe  is 
bent  to  circular  form  and  the  end  closed  with  a  cap.  For  maximum  efficiency,  the  holes 
should  be  drilled  at  a  slight  angle  with  the  sides  of  the  stack,  so  as  to  project  the  steam  alter- 
nately outward  and  inward,  as  at  A,  and  B,  fig.  4,652. 


carry  an  occasional  peak  load,  or  for  the  double  ptirpose  of  pro- 
ducing a  draught  and  aiding  combustion  with  coals  that  have 
a  tendency  to  fuse  or  mat  on  the  grate. 

Ques.    What  are  the  desirable  features  of  steam  jets? 

Ans.     Very  low  first  cost,   extreme  simplicity,   little  space 
required,  minimum  weight. 


♦NOTE. — TeetB  YtiBde  on  eteam  Jeta  at  the  Brooklyn  Navy  Yard  in  1890  showed  that 
the  jet  required  from  8.3  to  2 1.2 per  cent,  of  the  total  steam  generated.  In  the  absence  of  data 
AS  to  the  type  and  design  of  the  jet  as  well  as  full  particulars  about  the  test,  conclusions  should 
not  be  jumped  at .  This  advice  should,  be  applied  to  all  tests .  The  tendency  of  forming  an  opin- 
ion without  full  investigation  should 'be  discouraged,  especially  among  engineers. 
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Fig.  4.eS3.— ATranBement  of  main  boilen,  hm  and  heat  sbatHcton  on  S.  S. 


Pic.  4 .6U . — Aciwigement  ot  baaaue  faimen  witli  Sturtavant  tan  at  Incognito  PlanlatioD ,  I 
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Ques.    How  much  draught  can  be  produced  with  a  jet? 

Ans.  The  maximum  ash  pit  blast  is  about  one  inch,  and 
when  the  jet  is  placed  in  the  stack  the  draught  due  to  the  stack 
will  not  be  increased  over  34  inch. 

Ques.  What  is  the  ordinary  construction  of  a  jet  or 
jets? 

Ans.     A  pipe  of  suitable  size  is  bent  to  circular  form  about 


Fic,  4, ass  .—stun 


DBtic  aUom  npilal 

file  or  Ml  in  t  be  sietun  piessuie  ac 
or  increases  the  Hmount  □[  st«iim  edmitted  to  the  drivn.  The  iteun  presauie  can  thus  be 
sutomatically  maintained  within  a  pound  »bove  or  below  the  normal  while  the  tan  pronii;tly 
Tespoads  to  changes  in  conditJoos  and  particularly  to  audden  demands  for  more  capacity. 
The  apparatus  is  usually  supplied  with  a  suitable  ^vemor.  so  that  a  predetermined  maximum 
speed  cannot  be  eiceedol  and  so  that  the  blower  cannot  stop  dead. 

%  the  diameter  of  stack  and  a  number  of  very  small,  evenly 
spaced  holes  drilled  around  the  circular  portion  as  shown  in  fig, 
4,651,  the  end  being  closed  with  a  cap. 

Forced  Draught. — This  term  is  used  to  denote  the  system 
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in  which  air  under  pressure  is  introduced  into  an  air  tight  ash 
pit  and  forced  through  the  bed  of  fuel  on  the  grate.  Sufficient 
chimney  capacity  is  necessary  to  draw  the  gases  through  the 
boiler  and  smoke  flue,  but  the  draught  is  smaU  compared  to  that 
required  to  force  the  air  through  the  fire,  a  very  short  "delivery 
stack"  being  suflicient. 

The  blower  or  fan  is  usually  placed  beside  the  setting,  although  it  may  be 


©©© 


.y\ 


m 


=fei= 


TT 


— InitBllatian  of  forced  draught  gystem  to  old  boner  plant.  The  f 
lUuaCrate  tue  simxiletit  method .  The  faa  which  is  of  steel  plato  with  direct  coiinected  d 
cylinder  eneine  is  placed  irn mediately  over  the  end  of  h  biiClc  duct  into  which  the  air : 
charsed.  This  duct  is  carried  under  ground  across  the  front  of  the  boilers,  to  the  as 
of  each  of  which  connection  is  made  throueh  blanch  ducts.  Each  branch  duct  opec 
provided  with  special  ash  pit  damper,  operated  by  notched  handle  bar,  as  illustrated 
detail.  This  method  of  introduction  serves  to  distribute  the  air  within  the  ash  pit,  i 
secure  even  Row  through  the  fuel  upon  the  grate  above..    Of  cout^.  the  ash  pit  doora 

diwliaras  the  Eases  above  objectionable  ievefis  all  that  is  absol"tely  nccesaarv  wit. 
_  Although  the  introduction  of  a  fan  in  an  old  plant  ia  usually  ev 


,'of  theei 


Qethod  of  draught  production  . 


luetion  of  a  fan  in  ai 

y  to  meet  the  requirements,  such  a  chimney  will,  hi 
>r  the  gases  when  the  fan  is  employed .  'Hie  faQ  tl 
—  ■' *-■ ■■  it  practically  supplants  it  so  '— 
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put  wherever  most  convenient  and  a  suitable  duct  or  air  passage  led  from 
it  to  the  ash  pit. 

Forced  draught  has  the  advantage  of  being  easily  applied  to  old  installa- 
tions for  increasing  the  boiler  capacity  and  costs  less  than  the  induced 
system.  Figs.  4,656  to  4,659  show  a  smiple  installation  of  forced  draught 
to  an  old  boiler  plant. 

Ques.    What  general  conditions  call  for  forced  draught  ? 

Ans.  Whenever  the  greater  portion  of  the  resistance  offered 
by  a  boiler  system  to  the  flow  of  air  is  encountered  at  the  furnace , 
it  is  advisable  to  use  forced  draught. 


THCSC  rACCt  MUl 
PARAkkCk  AT  ALL  POINTS. 


Pig.  4.660. — Sturtevant  couplingr  for  direct  connected  blower  Bet.  For  successftil  operation, 
it  is  essential  that  the  foundation  be  level,  and  that  the  couplings  on  driver  and  driven  be  in 
perfect  alignment.  Special  care  should  be  used  in  installinp^  turbine  sets  where  the  align- 
ment may  be  affected  by  heat.  To  cope  with  such  condition  the  coupling  here  shown  is 
used .  To  secure  proper  alig[mnent  set  the  turbine  coupling  from  eight  to  twelve  thousandths 
lower  than  the  driven  coupling  when  the  machines  are  cold.  The  machines  should  then  be 
run  a  short  time  and  warmed  up  thoroughly  when  a  second  adjustment  is  necessary.  ^  A 
third  and  final  alignment  should  be  made  after  the  set  has  been  operating  for  some  time 
under  full  load  conditions  and  at  full  load  temperature,  at  which  time  the  faces  of  the  coup- 
ling must  run  parallel  and  true.  If  any  trouble  be  experienced  with  the  apparatus  after 
once  set  up,  it  is  necessary  to  check  the  alijgnment,  as  the  foundation  frequently  settles 
sufficiently  to  throw  the  set  into  serious  misalignment.  If  the  set  be  on  a  steel  plate  or  cast 
iron  sub-base,  it  is  just  as  important  to  align  the  equipment,  since  sub-base  may  warp  or 
warp  or  spring  in  shipment.  Alignment  should  be  made  with  reference  to  the  coupling 
and  coupling  bolts  should  be  removed.  The  sub-base  should  be  shimmed  up  with  small 
metal  wedges  until  the  apparatus  is  level,  and  should  be  grouted  with  concrete. 
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This  is  particularly  the  case  when  hollow  blast  grates  or  underfeed  stokers 
areused.asundertheseconditioxis.if  an  induced  draught  fan  be  employed, 
the  high  suction  which  would  be  oecessary  throughout  the  entire  system 
woiUd  result  in  excessive  leak^e.  With  lorced  iaught,  however,  while 
there  would  be  the  same  loss  of  pressure  head  in  forcing  the  necessary  air 
through  the  furnace,  the  pressure  throughout  the  remainder  of  the  boiler 
system  would  be  very  low,  in  fact  just  sufficient  to  cause  the  gases  to  flow 
against  the  resistance  offered  by  the  course  traversed .  For  the  same  reason 
forced  draught  is  better  suited  tor  burning  buckwheat  coal,  as  sm^  anthra- 
cite of  this  class  packs  on  the  grates  in  a,  dense  formation  and  considerable 
pressure  is  required  to  force  air  through  the  fuel  bed. 


Fi0.4,S61,— Forced  draught  plant  with  hollow  bridge  wall  at  the  Cryst«lWBter  Co.,  Buffalo, 
N.  Y.     The  air  is  delivered  to  the  B£h  pic  via  the  hollow  bridge  wall,  beiogsupphed  under 

ed  b>'  a  small  reciprocating  engine;  however,  compact  blowing  unita  with  steam  turl^e  drive 
can  be  had  and  which  are  designed  to  be  placed  in  the  boiler  setting,  i£  preferred. 


Ques.    What  are  the  disadvantages  of  forced  draught? 

Ans.  It  restilts  in  a  hot,  dirty  boiler  room,  there  being  a 
tendency  for  smoke  and  gases  to  escape  through  the  crevices 
in  the  boiler  settii^  and  through  leaks  in  the  flues,  especially 
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when  economizers  are  used.  The  draught  must  be  shut  off 
when  the  ash  pit  is  cleaned.  Great  care  is  necessary  to  prevent 
holes  in  the  fuel  bed. 

Ques.  Describe  the  dosed  stokehold  system  of  forced 
draught  used  in  marine  service. 

Ans.  In  this  system  the  boiler  room  is  entirely  enclosed  and 
provided  with  air  locks  for  the  passage  of  the  attendants.  The 
fans  discharge  into  the  boiler  room  and  maintain  a  static  pressure 


a  madA  air  tuE^t  aiid  ct 


of  from  M  to  3  inches  of  water  according  to  requirements.    Pig. 
4,662  shows  the  essential  featiires  of  the  system 

Ques.    What  are  the  objections  to  this  method  ? 

Ans.  Dirtiness,  high  temperature  in  stokehold  (usually  being 
about  120°  Fahr.,  even  in  temperate  climates)  and  the  fact 
that  the  stokehold  and  ash  pits  being  at  a  higher  pressure  than 


NOTE .—  r/u  tntloted  ■( 


speed  of  a  waiihip  couH  be  teriou sly  impaired  at  an  eitremely  inopportune  time,  on  Hccoiint  of 
the  teduclian  io  steaming  capacity  wbicll  would  follow  any  break  being  made  in  the  platea 
tuTTouDdiag  the  stokehold- 
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that  of  the  atmosphere,  air  is  caused  to  flow  through  the  fires 
and  with  this  system  no  ducts  are  required. 

Ques.    Describe  the  Howden  system  of  forced  draught. 

Ans.  With  this  arrangement,  the  air  in  the  stokehold  is  at 
the  same  pressure  as  the  outside  atmosphere  but  the  ash  pits  are 
closed  and"  the  air  handled  by  the  blowers  is  led  through  ducts, 
and  after  passing  over  tubes  that  are  heated  by  the  waste  gases 


Pig.  *,e63.— Wintt  turbine  and  fan 
The  automatic  pressure  regulator 
the  by  paaa  5,  make  CDmbustion  c 

from  the  boiler  is  delivered  to  the  ash  pits  under  pressure.  Some 
air  is  also  admitted  above  the  fires  to  prevent  smoke  being  formed 
and  to  produce  nearer  perfect  combustion,  while  the  fire  doors  are 
usually  arranged  so  as  to  cut  off  the  draught  when  they  axe 
opened. 
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Under  ordinary  conditions  the  pressure  in  the  ash  pits  is  aroimd  one 
acd  one-half  inches  of  water,  but  a  blower  for  this  work  should  be  capable 
of  delivering  the  required  amount  of  air  against  a  resistance  of  from  two 
and  three-quarters  inches  to  three  inches  of  water,  this  being  the  static 
pressure  at  the  fan  outlet. 


Pig.  4.S04. — Wing  automatic  reKuktoi.    ICconsiatiof  a  cylinder  with  ita  Edstco,  a  dioplmEni, 

of  piping,  but  if  the  blower  be  designed  to  deliver  the  needed  amount  of  air 
against  a  resistance  equivalent  to  two  and  three-quarters  inches  to  three 
inches  of  water,  this  easily  takes  care  of  the  loss  of  head  in  the  air  ducts 
and  enables  a  pressure  in  excess  of  one  and  one-halt  inches  water  gauge  to 
be  maintained  in  the  ash  pits  when  desired. 

Ques.    Why  Is  forced  draught  employed   In  marine 
practice  instead  of  induced  draught? 
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Ans.     Because  the  apparatus  is  lighter. 

A  forced  draught  fan  handles  the  minimum  volume  ot  air,  although  the 
actual  amoimt  or  weight  is  the  same  whether  forced  or  induced  draiight 
be  used,  and  owin|;  to  this  a.  smaller  and  lighter  fan  can.  be  installed.  The 
question  of  weight  is  of  great  importance  on  shipboard  and  as  the  fan  speed 
is  usually  higher  with  draught  forced  this  means  that  a  smaller  and  tighter 
engine  can  be  used  to  devdop  the  necessary  power. 

Induced  Draught. — In  this  system,  a  fan  is  located  in  the 


Fig.  4,ees.— SUndaid  mnaUation  of  Coptnis  turtnne  blower.  Tbe  blower  foica  air  ii 
an  aif  tight  ash  pit.  It  is  most  easily  insUlkd  in  tbe  side  wall  of  the  ash  pit,  and  genen 
prejects  from  5  to  10  ins.  from  tne  wall,  according  to  siie,  biit  it  may  be  set  fluEh  » 
the  wall.  When  the  side  wall  is  not  accessible,  the  blower  may  be  placed  in  the  rear  w 
and  mads  to  communicate  with  the  ash  pit  through  a  brick  coveied  sheet  iron  duct  lead 
through  tbe  combustion  chamber  and  the  bridge  wall.    Agam  it  may  be  placed  in  the  fr 


smoke  flue,  and  which  in  operation  draws  the  gases  through  tne 
furnace  and  discharges  them  into  the  delivery  stack. 

The  nature  of  the  service  of  an  induced  draught  fan  is  neces- 
sarily more  severe  than  that  of  a  forced  draught  fan. 

In  the  absence  of  an  economizer  the  temperature  of  the  gases  which 
the  fan  must  handle  are  usually  from  500°  to6bO''Pahr.,and  tfaoi:^hmuch 
less  with  economizer,  in  either  case  are  considerably  higher  thim  that  of 
the  cool  air  handled  by  the  forced  draught  fan. 
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Induced  draught  is  adapted  to  all  kinds  of  fuel  and  furnace  except  those 
in  which  underfeed  stokers  or  hollow  blast  grates  are  employed. 

With  this  system  the  fuel  will  bum  evenly  all  over  the  grate,  there  being 
no  trouble  from  holes  or  patches  burning  in  certain  spots.  It  is  not  neces- 
sary to  shut  off  the  draught  when  firing  as  there  is  no  pressure  in  the  com- 
bustion chamber  to  force  scorching  gases  and  dust  out  of  the  firing  doors 
when  opened.  The  ash  pit  can  be  deaned  without  shutting  off  the  (S*aught 
as  at  all  points  the  flow  is  toward  the  place  at  which  the  greatest  suction  or 
depression  in  pressure  prevails,  this,  of  course,  being  within  the  induced 
draught  fan. 
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SECTION  

Pigs.  4 ,666  and  4 ,667. — ^Typical  induced  draught  plant  showing  general  arrangement  of  boilers, 
economizer,  fans  and  fan  engines  as  designed  by  American  Blower  Co . 


The  ventilation  of  the  boiler  room  is  better,  as  the  air  drawn  into  the 
furnaces  from  the  boiler  room  is  replaced  by  fresh  air  from  the  outside. 

It  is  claimed  that  the  boiler  tubes  can  be  kept  cleaner  as  there  is  less 
lifting  effect  at  the  fire  and  consequently  ashes  and  dirt  are  not  carried  in 
suspension  and  deposited  in  places  where  the  velocity  of  the  gases  is  lowered , 
to  the  same  extent  as  in  the  case  with  forced  draught. 
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Ques.    What   Is   the   most   hnportant   advantage  of 
induced  draught? 

Ans.     It  permits  the  use  o£  larger  economizers. 

Since  the  stack  is  not  required  to  furnish  a  suction  to  cany  o&  the  ^fises 
as  with  forced  draught,  the  temperature  of  the  hot  gases  leaving  the  boiler 
may  be  reduced  to  as  low  a  point  as  is  cotnrnercially  desirable,  the  heat  being 
recovered  by  a  Wge  ecom^tiizer  and  i:etuiaied  to  the  boiler. 

Ques.    Mention  an  objection  to  induced  draught. 


Fi(;.4,66S.—Coiipu9  turbine  blower.  la  amttructUm  the  tuibine  wheel  il  of  eolid  faronia 
with  bloiles  coHt  into  the  wheel.  A  shroud  hnR  is  put  around  the  buckets  which  prevents 
them  settins  loose  or  coming  out.  The  wbesl  is  then  baUnoEd.  Steun  from  tbe  noiilss 
rtrikesthebucltetsatflnengleof  20°tothepUneof  ret -■  — '     ■' 


•ifS^ih^t  nuts}  7,  lode 
pipe;  lu,  screen;  ii.  ou  piug;  i2,  carbon  pitckinB  linc 
;l[ing  enclosure  icrewi;  17,  dnin  plos;  18.  ecreeo  bolts; 
ctor  bolts;  22.  fan;  M-1,  besjing  rieeve;  M-2,  beaiinif 
,  bearing  sleeve  enclosure  (fan  end)-,  M-4,  shalt  sleeve 
end);  M-a,  shaft;  M-7,  oil  ring;  M-8,  encla 
nws;  M-12,  woodrufl  keyil  M-13.  Celt  ring 
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Ans.  This  system  requires  a  large  fan  to  produce  the  neces- 
sary exhaustion,  because  the  higher  temperature  of  the  gases 
handled  enlarges  their  volume,  which  moreover  is  further  aug- 
mented by  air  entering  the  system  through  leaks  in  the  boiler 
setting  and  smoke  flue. 


CHIMNEY 


ECONOMIZERS 


ECONOMIZERS 


Figs.  4 ,660  and  4 ,670. — Comparison  of  chimney  draught  and  induced  draught.  The  illustra- 
tions show  a  plant  of  2,400  horse  power  of  modem  water  tube  boilers,  12  in  number,  set  in 
pairs  and  equipped  with  economizers .  Fi^.  4 ,669  indicates  the  location  of  a  chimney ,  0  feet 
in  internal  diameter  by  180  feet  high,  designed  to  furnish  the  necessary  draught;  fig.  4,670 
represents  the  same  plant  with  a  complete  duplex  induced  draught  apparatus  substituted 
for  the  chimney,  and  placed  above  the  economizer  connections.  Each  of  the  two  fans  is 
driven  by  a  special  engine  direct  connected  to  the  fan  shaft,  and  each  is  capable  of  pro> 
ducin^  draught  for  the  entire  plant.  A  short  steel  plate  stack  unites  the  two  fan  outlets 
and  discharges  the  gases  just  above  the  boiler  house  roof.  All  of  the  room  necessary  for  the 
chimney  is  saved,  and  no  valuable  space  is  required  for  the  fans. 


Oue9.    Describe  the  Elles  and  Eaves  induced  draught 
system. 
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Ans.     In  this  arrangement  heat  is  abstracted  from  the  waste 
gases  to  raise  the  temperature  of  the  incoming  air. 

The  fan,  is  situated  between  the  boilers  and  smoke  stack  while  a  suction 
or  reduction  in  pressure  of  about  one  and  one-half  inches  of  water  is  usually 
allowed  at  the  fan  inlet. 

Balanced  Draught. — This  is  a  combination  of  forced  draught 
and  induced  draught,  designed  to  overcome  the  objectionable 


phragm  and  covers  the  outer  end  o(apipe,  formiiiaa  c 

ihamber  in  which  the  prssaure 

Eanie  as  in  the  furnnce.    The  smngmg  diaphragm  is  : 
passes  through  its  center  of  gravity,  the  hroad  plate 

'^bove  the'centerbeii^'baianc 

a  counterweight  below,  so  that  the  plate  swings  easily  o 

utwarJ  and  inward  in  response 

Bliahteatchangeinpressure  on  its  broad  surfaces,  and  t 

hereby  operates  a  pilot  ralve. 
re  hydraulic  cylinders  conven 

features  of  each,  by  maintaining  the  pressure  between  the  fur- 
nace and  smoke  flue  at  practically  atmospheric  pressui^,  or  just 
enough  vacuum  to  carry  ofE  the  gases. 
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Fio.  4,078.— DiasniQ  of  aliwl*  cwUndtr  oontml  txtonrwl  inugbt  (hoiring  i 
fkn  and  funwce  protun  contnl  of  flue  dampsr.     The  eMeatuI  vipuata*  u 

dnuisbt  couuti  of  mfunuoeiinMunTeauUtor.anlotvalve,  onaormocebr 

ana&piMtimtegiilatermdtomefonnofinecliKnicaldiiHiBht.   A  cut  icon  tript  oo 

wolatoT  with  thef  nnuce,  the  outer  end  of  the  tube  endiiig  in  the  ncuUtor  box  and  damper. 
Thepiiton  of  the  bydraulic  cylinder  is  conuected  to  the  flue  damper  to  that  the  movement  of 
the  piston  in  one  directioa  cloKS  the  damper  and  the  revene  movement  opens  it.  Br.  the 
actdODof  the  pilot  vslve  and  the  piston,  the  damper  may  be  opened,  closed  or  held  mdefinitcljr 
in  any  intermediate  poaition  between  wide  open  and  entirely  closed.  In  MMrotlon.  as  the 
furnace  pressur?  becomes  normal  in  neponse  to  the  nu>vemeilt  of  the  damper,  the  airinftins 
diaphragm  eraduaUy  returns  to  the  vertical  and  the  plunger  will  be  again  in  neutral  posituiD. 
Hie  compensatins  feature  should  be  clearly  undentood.  The  flue  damper  does  not  go  from 
wide  open  to  ti^t  shut  and  vice  vena,  but  moves  only  aa  nuch  as  is  rcquind  to  restore  the 
predetermined  lumaca  pressure  and  is  held  indefinitely  in  that  position  until  the  furnace 
conditiona  lequira  a  farther  chan^.  The  air  pressure  radiator  is  connected  to  the  main 
Gteam  line  and  controls,  throuffh  a  chronometer  valve h  the  eteam  supply  of  the  blower  engine  ■ 
The  operation  of  this  legulator  is  such  that  as  the  boiler  steam  pressuie  drops.  Uie  chroQom- 

Converscly,  whea  the  boiler  steam  pressure  rises,  the  fan  slows  down,  decreasing  the  supply 
of  air  to  the  furnace.  The  operation  of  the  tlower  speed  regulator  is  Buch  that  a  alight  drop 
of  the  steam  pressure  is  immediately  followed  by  only  a  slight  increase  of  the  blower  speed, 
which  automatically  is  maintained  until  the  steam  pressure  is  restored  or  until  a  further  al^ht 
drop  in  pressure  again  increases  the  speed  until  the  right  speed  to  meet  furnace  and  Btivm 
nquirements  is  reached.  Thia  prevents  the  sudden  "all  on"  or  "all  oH"  action  of  the 
blower  so  destructive  to  fuel  bed  and  atokers.  In  mt/uslffw,  the  lingle  cylinder  control. 
the  flua  damper  of  each  boiler  is  5nt  closed  by  hand  until  the  draught  over  its  fire,  as  shown 
b/  a  draught  gauge,  is  that  found  by  eipeiience  to  be  productive  of  the  best  combustion  in 
that  particular  furnace.  The  spring  tension  is  then  adjusted  to  hold  the  diaphragm  vartical 
with  this  draught  over  the  fire  and  tberBafter  it  automatically  maintain*  this  draught  for  all 
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Forced  draught  has  the  objection  that  the  hot  gases  escape  throu^  the 

fire  doors  every  time  they  are  opened,  and  also  through  any  leaks  in  the 

.  setting.     With  induced  draught  the  reverse  conditions  obtain,  that  is, 

cold  air  enters  through  the  fire  door  when  open,  and  also  tlux)ugh  any  leaks 

in  the  setting. 

Evidently  if  the  difference  in  pressure  inside  and  outside  of  the  furnace 
be  only  sufficient  to  carry  off  the  gases,  these  defects  will  be  minimized. 

Balanced  draught  is  obtained  by  the  automatic  regulation  of 
both  the  supply  of  air  to  the  furnace  and  the  escape  of  gases  from 
the  furnace  in  such  manner  as  to  maintain  at  all  times  a  constant 
predetermined  draught  in  the  ftimace  for  all  rates  of  combustion. 

Its  principle  is  to  supply  all  the  air  needed  for  perfect  com- 
bustion but  no  more,  and  at  the  same  time  maintain  as  little 
suction  as  possible  or  just  enough  to  carry  oflE  the  gases  as  fast 
as  they  are  formed. 

Forced  draught  tmder  automatic  control  supplies  the  required  amount 
of  air,  and  an  automatic  damper  in  the  smoke  flue  maintains  a  constant 
predetermined  suction  or  draught. 

The  action  of  the  automatic  control  devices  for  the  blower  and  damper  is 
such  that  when  the  blower  speed  is  increased,  the  damper  is  opened  wide 
to  accommodate  the  greater  amotmt  of  gases  formed  by  combustion. 

In  one  arrangement  the  damper  controller  changes  the  position  of  the 
boiler  dami)er  in  unison  with  the  varying  speed  of  the  blower,  the  speed  of 
the  blower  in  turn  being  controlled  by  l£e  steam  pressure. 

A  better  method  is  by  using  steam  control  for  the  fan  only  and  furnace 
pressure  control  for  the  damper,  as  shown  in  figs.  4,676  and  4,677. 

Method  of  Determining  Draught  Required. — ^There  are 
so  many  points  to  be  taken  into  consideration  in  determining  the 


NOTE. — Two  cylinder  control  of  balanced  draught,  as  shown  in  fig.  4,677,  is  specially 
adapted  to  stoker  work.  Without  it  the  increase  in  airpresstire  under  the  fire  in  response  to 
a  falling  steam  pressure  will  decrease  the  suction  over  the  fire  and  the  damper  cylinder  will 
open  the  damper  until  the  limit  of  the  flue  is  reached.  If  the  pressure  then  continue  to  rise 
or  if  a  large  hole  form  in  the  fire,  or  there  be  a  break  of  some  kind  at  any  time  allowing  the 
fan  to  blow  right  through  into  the  furnace  chamber  until  the  flue  limit  is  reached,  the  pressure 
in  the  ftimace  would,  in  either  case,  continue  to  build  up  and  probably  bum  out  the  stoker. 
The  auxiliary  cylinder  avoids  this  possibility,  for  when  the  damper  cylinder  has  oi>ened  the 
damper  wide  without  being  able  to  restore  the  predetermined  furnace  pressure  in  the  furnace* 
the  auxiliary  cylinder  will  start  to  operate  and  very  gradually  close  the  air  gate,  reducing  the 
air  supply  to  tne  stoker  until  a  i>oint  is  reached  where  the  predetermined  pressure  is  reached 
and  maintained. 
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Fxo.  4fiT7* — Diagram  of  ^100  cylinder  control  balanced  draught  showing  steam  control  of 
fan,  load  adjusting  panel  and  furnace  pressure  control  of  flue  damper  awui  air  supply.  Many 
engineers  believe  that  the  most  economical  way  to  operate  their  power  plant  is  to  run  as 
many  boilers  as  i>ossible  at  the  rating  which  gives  the  highest  emciency,  taking  the  load 
variations  with  one  or  two  boilers  which  are  used  exclusively  for  this  purpose.  In  modem 
water  tube  boilers  this  i>oint  is  approximately  170%  of  rating  although  the  exact  point  varies 
with  balanced  draught,  the  efficient  load  can  be  made  temporarily  the  maximum  load  for 
any  num  ber  of  boilers  by  limiting  the  maximum  o];)ening  of  their  flue  dampers.  If,  however, 
there  be  an  increase  in  the  steam  demand  on  the  plant  and  all  of  these  steady  load  boilers 
are  up  to  their  efficient  rating,  the  increase  in  air  pressure  which  results  from  the  automatic 
action  of  the  falling  steam  pressure  on  the  air  supply  would  normally  produce  a  positive  pres- 
sure in  the  furnace.  To  prevent  this  condition,  the  balanced  draught  apparatus  is  equipped 
with  an  additional  cylinoer,  as  shown,  to  control  the  air  supply.  Jn  operation,  by  means 
of  damper  chains  leading  to  the  front  of  the  boilers,  the  dampers  of  all  of  the  boilers  which  are 
to  oarnr  the  steady  load  are  set  to  the  given  maximtun  rating  and  the  damper  cylinder  will 
then,  through  the  operating  of  the  balanced  draught  regulator,  control  the  exit  of  the  gases 
and  the  rate  of  combustion  up  to  the  i>oint  at  which  it  is  set.  After  the  maximun:  is  reached, 
further  demands  for  power  will  cause  an  increase  in  the  air  pressure  in  the  air  ducts  which  will 
increase  the  furnace  pressure  and  close  the  air  inlet  gate  so  that  only  the  correct  amount  of 
air  is  supplied  for  the  given  rate  of  combustion.  The  opening  of  the  flue  dampers  on  the 
variable  load  boilers  not  being  limited,  the  air  blast  will  sj^d  up  the  combustion  in  these 
boilers  and  they  will  supply  the  steam  needed  to  meet  the  mcreased  demand.  ^  If  for  short 
periods  of  i>eak  load  it  be  necessary  to  operate  all  boilers  above  their  efficient  rating,  it  is  only 
necessary  to  remove  the  limit  of  the  opening  of  all  flue  dampers.  Again,  if  the  engineer 
desire  to  distribute  the  plant  load  equally  among  all  the  boilers,  this  also  can  be  aocom- 
plished  by  the  use  of  the  two  cylinder  control. 
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most  suitable  draught  for  any  particular  installation  that  the 
matter  should  be  decided  by  those  whose  judgment  has  been 
developed  by  considerable  experience. 

There  are  two  cases  to  consider: 

1.  Draught  required  without  economizer. 

2.  Draught  required  with  economizer. 

Draught  without  Economizer^ — ^For  average  conditions  the  total 
draught  reqtrired  for  a  well  designed  boiler  plant  can  be  approximately 
determined  from  the  following  simple  formula: 


-(I)" 


Where  P  =  Pressure  in  inches  of  water. 

R  »  Rate  of  combustion  in  pounds  per  square  foot  of  grate  per  hour. 

K  =  Constant  for  the  different  varieties  of  coal. 

The  equation  can,  of   course,  be  rearranged  to  determine  values  of  the 
other  lactors  as  follows: 

R=KVP 

R 


K  = 


V  P 


For  a  rate  of  consumption  of  20  poimds  of  coal  per  square  foot  of  grate  per 
hour  the  values  of  K  for  various  fuels  are  as  follows: 

For  bituminous  lump  =  34 

**  run  of  mine  =30 

"  slack  =  26 

anthracite   nut  =  24 

pea  =  22 

No.  1  buckwheat  =  20 

rice  =  18 

barley  =  16 

Draught  with  Economizer. — In  cases  where  heat  is  recovered  from  the 
waste  gases  the  additional  draught  required  varies  with  the  size  and 
arrangement  of  the  economizer,  but  as  an  approximation,  the  total  draught 
required  for  the  complete  installation  may  be  arrived  at  by  adding  60  per 
cent,  to  the  pressure  computed  as  recommended  above,  the  addition  to  take 
care  of  the  frictional  loss  in  the  economizer. 
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GRATE  SURFACE  OF  BOILCR  IN  SQ.PT. 
G.  ifiTS.—Hane  pover  curvca  for  12.  Ifl.  and  20-indi  Wiog  blowen.  They-  are  t«Kd 
on  an  efficiency  of  boiler  and  grate  of  S8  per  cent,  and  on  rates  of  CDmWtion  and 
heating  values  d  the  coal  as  given  above.  Por  initance,  it  is  desired  to  know  what 
k.p.  can  bs  obtained  with  3S  iquare  feet  of  grata  burning  No.  9  Buckwheat  anthracite. 
Moving  vertically  ftlong  tl^e  line  30  square  leeC,  it  intersecta  the  Ko.  2  buckwheat  line 
BtabouttheSSO  A.».  line  and  that  thiiii  within  the  limit*  of  the  ie-inch  blower.  That 
IS  a  le-inch  blower  will  develop  380  k.f.  with  No.  3  buckwheat  on  3a  square  fHt  of  grate. 
T£thabuckwheatfaaveIZ.50aS.l.ii.psrpoundlB9teadoll2,00a  "  '  '  -  " '  - ' 
in  the  praportion  of  12,600/13.000.  Agam,  if  onlr  225A.P.  beic<|iui<iu.  ^.m 
bustion  necesurilr  will  be  only  ZZ5/3SOof  33  pounds,  which  equall  ISU 
preceding  will  aid  in  selecting  the  _proper  blower.  Note. — Do -i"*  ""  'i 
-  -^  (flifcely.  to  be  carried!    t 


[fl251b 


proper  blower.    Note. — Do  cot  use  '  LIMIT"  bor^e 
■loadlifce-     '     *  '       ' 


..._  . b1  undusoea  a  ci^ng  pioceaa  during  en        .^.  _.    . . 

particlescohercintosemi-plasticlumpsof  varying  size  while  the  agitation  caused  by  the  escape 
of  gases  under  the  inSuence  of  heat  results  in  the  fire  bed  being  kept  in  an  open  condition, 
thereby  offering  little  resistance  to  the  passage  of  sir.  Anthracite,  being  geoloeically  the  oldest 
form  of  coal,  has  lost  the  volatile  constituents  present  in  bituminous  fuels,  lies  inert  on  the 
n  ^rate,  does  not  coke,  and,  therefore,  requires  strong  draught  to  effect 
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Points  Relating  to  Draught. — ^For  ordinary  forced  draught 
coal  burning  propositions,  the  cubic  feet  of  air   required  per 


ArR 
HEATER] 


Pig  .    4 ,670 . — ^Howden 
closed  ash  pit  forced 
draught  system.     B 
is  the  blower  sittiated 
at  the  top  and  oa  one 
side    of    the    boiler. 
The  air  heater  is  com- 
posed of  416  tubes, 
2y^  ins.  in  diameter, 
and  has  a  heating  sur- 
face of  793  square  feet 
or  a  little  over  ten 
times  the  grate  sur- 
face. Air  ducts  H.H 
are  built  on  the  front 
and  back  of  the  boiler 
to  guide  the  air  to 
the  furnace   fronts  and    to 
openings  in  the  back  wall  and 
back  of  ash  pit,  as  shown  by 
the  arrows.    The  iMXKlucts  of 
combustion  pass  upwards 
from  the  furnace,  around  the 
boiler  tubes,  and  through  the 
tubes  of  the  air  heater  into 
the  uptake  U.    Above  each 
furnace  door  F ,  is  an  openmg 
covered  by  a  flat  valve  W, 
vviiich  can  be  moved  by  a 
handle  from  the  outside .  The 
supply  of  air  to  the  front 
part  of  the  fire  can  thus  be 
regulated .    In  the  back  wall , 
some  distance  above  the 

frate,  there  is  a  perforated 
^ „ „ _  ,  the  damper  V' ,  the  supply 

of  hot  air  from  H,  to  the  top  of  the  fire  can  be  regulated.  The  mam  supply  of  air  enters  the 
ash  pit  A,  through  the  large  damper  V.  Both  dampers  are  worked  together  by  the  rod  L, 
from  the  front  c?  the  boiler.  A  hand  hole  R,  is  provided  m  the  back  of  the  casmg  for  the 
easy  examination  of  damper  V\ 
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minute  is  twenty  times  the  boiler  horse  power  developed  allowing 
about  100  per  cent,  excess  air. 

^  For  ordinary  induced  draught  coal  burning  propositions  forty  times  the 
boiler  horse  power  developed  is  the  cubic  feet  of  gas  per  minute  that  the 
fan  should  handle. 

Five  times  the  coal  burned  per  hour  is  the  approximate  of  air  in  cubic 
feet  the  fan  shotild  supply  per  minute  for  forced  draught. 

Ten  times  the  coal  burned  per  hour  is  the  approximate  amount  of  gas 
per  minute  the  fan  should  handle  for  induced  draught. 

The  forced  draught  apparatus  of  the  ordinary  proposition  requires  from 
2  to  4  per  cent,  of  the  steam  developed. 

The  induced  draught  apparatus  of  the  ordinary  proposition  requires 
1J4 — 2  per  cent,  of  the  steam  developed. 

The  figures  given  in  the  two  preceding  paragraphs ,  are  based  on  the  waste- 
ful types  of  engines  generally  installed.  Considerably  better  results  could 
be  obtained  by  the  use  of  an  economical  engine,  as  for  instance  the  one 
shown  in  fig.  4,645. 

The  furnace  draught  required  to  develop  rated  capacity  under  ordinary 
conditions  with  run  of  mine  bituminous  coal  and  flat  grates  is  Ji  inch. 

The  induced  draught  at  the  uptake  of  the  boiler  required  to  develop  rated 
capacity  under  ordinary  conditions  is  J^  inch  with  nm  of  mine  bituminous 
coal  ana  flat  grates. 

The  ordinary  boiler  rating  is  ten  square  feet  of  heating  siurface  for  each 
boiler  horse  power. 

Each  square  foot  of  grate  surface  develops  6  horse  power  when  burning 
20  potmds  of  run  of  mine  bituminous  coal  per  hour. 

With  natural  draught  the  coal  burned  in  a  boiler  with  flat  grates  is  from 
15  to  25  pounds  per  square  foot  of  grate  surface  per  hour.  With  forced 
draught  this  amount  usually  varies  from  40  to  60  pounds. 

The  draught  required  in  any  plant  varies  directly  as  the  square  of  the 
rating  developed.  For  instance,  sui^pose  a  plant  developing  100  per  cent, 
rating  requires  J^  inch  draught.  If  it  be  forced  to  150  per  cent,  rating,  it 
will  require  (1 .5)2  =  2 J^  times  as  much  draught.  2 J^ X  M  =  5^  inch  for  200 
per  cent,  rating,  four  times  the  draught  would  be  required,  or  1  indi. 

In  a  forced  draught  system  it  is  not  desirable  to  deliver  air  upward  toward 
the  grate,  as  this  will  tend  to  blow  holes  in  the  fire.  On  the  other  hand  air 
shot3d  be  distributed  evenly  throughout  the  ash  pit,  so  as  to  cause  uniform 
combustion. 


J 
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CHAPTER  79 


BOILER  FITTINGS,  FIXTURES  AND  ATTACHMENTS 


There  are  certain  fittings  or  devices,  usually  mounted  on  the 
boiler   and   which   are   essential   for   its   proper   operation,  as 


WHISTLE 


STEAM 

GAuee. 


SAFETY  VALVE 


SIPHON 

AN6LE., 
VALVE. 

FUSIBLE.  /fTR 


GLOBE 
VALVE 


^ 


I 


INJECTOR 


CHECK 
VALVE, 


STOP  VALVE 
COCK 

.GAUGE 
COCKS 


WATER 
GAUGE 


.        ^      BLOW  OFF 
GLOBE      /  COCK 
VALVE 


/ 


ANGLE. 
VALVE 


Fig.  4,680. — Vertical  boiler  showing  the  boiler  fixtures  consisting  of  control  and  indicating 
devices  essential  for  safe  operation.  A  portion  of  the  shell  is  cut  away  to  expose  the  fusible 
plug  to  view. 


NOTE. — 1,  that  there  must  not  be  any  valves  between  safety  valve  and  boiler;  2,  that 
a  stop  valve  must  be  placed  on  main  steam  line  in  case  of  battenr  of  boilers;  3,  that  the 
injector  must  have  an  individual  steam  connection  with  no  branches  for  other  use;  4,  that  a 
globe  valve  is  placed  between  check  valve  and  boiler,  allowing  cleaning  or  repair  of  check  valve 
while  boiler  is  under  steam;  5,  that  a  globe  (or  gate),  valve  must  be  placed  between  check 
valve  and  boiler  as  a  safeguard  to  prevent  leakage,  or  in  case  blow  off  valve  cannot  be  closed, 
or  the  valve  becoming  detached  from  its  seat,  and  6,  that  a  drain  cock  should  be  put  on  safety 
valve  connections. 
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cUstingtiished  from  the  auxiliary  apparatus  described  in  the  next 
chapter. 

These    fittings    (sometimes    called    the    boiler    attachments) 
consist  of: 


DEAD  WEIGHT 


SPRING 


^^S*^^ 


LEVER 


I<^<^;^^^'^'''^^3^^^^  {^^^^ 


C0MB»NAT10N  LEVET*  AMD'  SPRING 


Pigs.  4,d81  to  4,684. — Elementary  safety  valves  showing  various  types.  Pig.  4,681,  dead 
weight  valve;  fig.  4,682,  lever  valve;  ng.  4,683,  combmation  lever  and  spring  valve;  %. 
4 ,684 ,  spring  valve. 


1.  Valves. 

a.  Safety  valve. 


J 
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b.  Stop  valve. 
e.  Check  valve. 
d.  Blow  off  v&lve. 

2.  Water  gauge  cocks, 

3.  Water  gauge. 

4.  Steam  gauge. 


tmSSJ*^        STOP 


F1G.4.6S5. — Sectional  vjow  of  A  levor  ufety  valve  showing  eaacmtui  ports. 

5.  Injector. 

6.  Fusible  plug. 

7.  Whistle. 

Safety  Valve. — This  is  the  most  important  device  fitted  to  a 
boiler,  as  it  prevents  the  steam  rising  above  the  safe  working 
pressure,  that  is,  the  pressure  at  which  it  should  be  set.  More- 
over, upon  its  proper  operation  depends  the  safety  of  those  in 
chaise  of  the  boiler. 
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Ques.    What  care  should  a  safety  valve  receive? 

Ans.  It  should  be  kept  clean  and  should  be  raised  by  hand 
every  morning. 

Ques.    Why  should  it  be  raised  so  often? 

Ans.  So  that  it  cannot  stick  in  its  seat  through  the  accumula- 
tion of  dirt  and  scale. 

Ques.    What  types  of  safety  valve  are  in  general  use  ? 

Ans.     The  lever  safety  valve,  and  the  spring  safety  valve. 

There  are  two  other  types:  1,  the  dead  weight  valve,  used  sometimes  for 
very  low  pressure  apparatus  as  in  steam  heating;  and  2,  the  combination 
lever  and  spring  valve  in  which  a  spring  is  used  in  place  of  the  weight  on  a 
lever  valve.  This  type  is  used  principaUy  in  Englaad.  The  four  types  just 
mentioned  are  shown  in  figs.  4,681  to  4,684. 

Ques.    For  what  service  is  each  intended  ? 

Ans.  The  lever  valve  is  used  principally  in  stationary  practice 
and  sometimes  on  ferry  boats,  side  wheel  steamers  and  other  craft 
navigating  quiet  waters  and  carrying  moderate  or  low  pressure 
steam. 

Ques.  How  should  a  safety  valve  be  attached  to  the 
boiler  ? 

Ans.  It  should  be  attached  to  a  separate  outlet,  but  if  only 
one  outlet  be  on  the  boiler,  it  may  be  attached  to  a  tee  on  main 
steam  pipe,  as  close  to  the  boiler  as  possible  without  any  kind 
of  valve  between  it  and  the  boiler. 

Ques.   What  features  should  a  good  safety  valve  i>osse88  ? 

Ans.  A  good  safety  valve  should  be:  1,  large  enough  in 
diameter,  and  haye  sufficient  lift  to  allow  the  steam  to  escape 
as  fast  as  it  is  generated,  when  the  pressure  is  slightly  above 
that  to  which  it  is  set;  2,  it  should  close  as  soon  as  the  pressure 
has  dropped  a  predetermined  amount  below  the  set  pressure; 
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3,  it  should  be  enclosed  or  so  protected  that  it  cannot  be  tampered 
with  or  accidentally  interfered  with  by  contact  with  foreign 
objects;  4,  for  marine  purposes  it  must  be  so  constructed  as  not 
to  be  affected  by  the  motion  of  the  boat. 

Ques.  What  defects  occur  in  safety  valves,  and  how  are 
they  repaired  ? 

Ans.  The  valve  may  be  broken,  which  fact  will  be  shown  by 
steam  escaping  through  the  escape  pipe.  In  case  the  valve  itself, 
or  the  spindle,  be  broken,  sometimes  a  new  valve  can  be  built 
by  fitting  a  disc  of  heavy  plate  into  which  a  stem  is  riveted  in 
the  center. 

If  the  spring  give  out  and  no  spare  one  be  on  hand,  it  may  be  possible  to 
fit  a  long  lever,  pressing  on  the  spindle  of  the  valve  and  load  it  at  the  end 
with  sufficient  weight  to  hold  the  normal  pressure.  Where  room  permits, 
lead  discs  may  be  cast  and  placed  on  the  spindle  and  the  valve  thus  loaded. 

In  case  the  valve  be  jammed  and  do  not  blow  off  with  a  rapidly  rising 
steam  pressure,  the  valve  may  be  given  a  sharp  blow,  which  sometimes 
will  start  it.  If  this  do  not  produce  the  desired  relief,  all  steam  outlets  to 
auxiliaries  and  condenser  must  be  turned  on  full,  to  work  off  the  steam. 
Fire  and  uptake  doors  are  better  opened  and  the  fires  deadened  with  wet 
ashes,  imtil  well  within  the  working  pressure. 

The  steam  is  better  allowed  to  fall  until  it  is  possible  to  dismount  the 
valve  and  refit  it  in  efficient  condition. 

THE  LEVER  SAFETY 

VALVE 

Construction* — The  essential  parts  of  a  lever  valve  consist 
of:  1 ,  a  valve  chamber  containing  the  valve  seat,  inlet  and  outlet 
opening;  2,  a  cover  containing  the  upper  spindle  and  lever  guides, 
also  an  arm  having  a  pivot  hole  at  its  end  f onning  the  fulcrum; 
3,  a  valve  and  spindle,  the  latter  being  attached  to  the  valve  and 
the  projecting  part  terminating  in  a  knife  edge;  4,  a  lever,  pivoted 
at  one  end  to  the  projecting  arm  or  fulcrum,  in  contact  with  the 
knife  edge  of  the  spindle  at  an  intermediate  point  and  weighted 
at  the  other  end  with  a  balL 
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Why  is  a  lever  valve  objectionable  on  vessels  xiavigating  roug^ 
water? 

The  inertia  of  the  weight  produces  a  variable  pressure  on  the 
valve  tending  to  close  and  open  the  valve  respectively  with  rise 
and  fall  of  the  boat  on  the  waves.  Moreover,  when  the  boat 
rocks,  the  horizontal  position  of  the  lever  is  disturbed  and  the 
blowing  pressure  of  the  valve  is  lowered. 

How  is  the  pressure  regulated  on  the  lever  safety  valve? 


FiG.4,6S0<Diagram  of  a  lever  safety  valve,  showing  decrease  of  the  weight's  effect,  aa  the  result 
of  incline  in  a  heavy  sea.  In  the  diagram,  L.  is  the  length  of  the  lever  arm,  the  full  length 
being  effective  when  horizontal  but  when  inclined  the  effective  length  is  reduced  to  Li 

By  moving  the  weight  on  lever ;  the  farther  it  is  from  valve  the 
greater  the  blowing  off  pressure. 


Rule  II,  23. — All  common  lever  safety  valves  to  be  hereafter  applied  to  the  boilers  of 
steam  vessds  shall  be  constructed  in  material,  workmanship,  and  principle  according  to  the 
reouirements  for  a  safety  valve  referred  to  in  this  section,  when  this  construction  of  a  safety 
valve  is  applied  to  the  boilers  of  steamers  navigating  rough  waters,  the  link  may  be  connected 
direct  with  the  spindle  of  the  valve:  Provided,  always.  That  the  fulcrum  or  points  upon  which 
the  lever  rests  are  made  of  steel,  knife,  or  sharp  edged,  and  hardened;  in  this  case  the  short 
end  of  the  lever  shall  be  attached  directly  to  the  valve  casing.  In  all  cases  the  link  requires 
but  a  slight  movement  not  exceeding  one-eighth  of  an  inch. 
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What  precaution  should  be  taken  with  a  lever  valve? 

The  lever  should  be  raised  frequently  permitting  the  valve  to  blow 
to  guard  against  the  valve  sticking  to  the  seat. 


Fics.  4.687  uid  l.eSg.-^LunkEiihsimcr  lever  ssifety  v^vit  witb  Knw  ends.  Pic.  4,SS7  angle 
valve;  6g.  4.SS8  cross  valve.  The  CTOM  tree  velve  may  bo  used  with  the  bottom  and  one 
Bide  aa  mtEts,  and  the  lenainins  side  as  outlet. 

U.S.  Mabihi  RiQciuiiiHim  in  ConnsuoTiOH  at  Iavbb  Bixwm  Valtm 

Al[  the  potntB  of  heatina  on  lever  shall  be  in  the  same  plane. 

The  distance  of  the  fulcrum  ahall  In  ocxaae  be  leu  than  the  diameter  of  the  valve  openlni. 

The  lensth  of  the  lever  shall  not  exceed  the  distance  of  the  fulcrum  multiplied  by  ten. 

The  iddth  of  the  bearings  of  t  he  f  ulcmm  shall  be  not  less  than  three-fourths  of  1  inch. 

The  length  of  the  lulcmm  link  shall  be  not  less  than  i  bches. 

The  lever  and  fulcrum  link  shaU  be  made  of  vrought  Iron  or  steel  and  the  knife  edged  ful- 
crum points  and  bearings  for  the  points  shall  be  made  of  steel  and  hardened.  But  the  cham- 
bers and  saddle  fiangea  of  this  and  all  other  types  of  safety  valves  attached  to  boilers  may  be 

The  valve,  valve  seat,  and  bushing  for  the  stem  oT  spindle  shall  be  made  of  composition 
(gun  tnetal)  when  the  valve  Is  Intended  to  be  attached  to  a  boiler  using  salt  w '-  ~  -  '— 


)h  water  and  genetatlng  eteam  of  a  hlih  pi 
the  ports  named,  with  the  exception  of  the  bushingsfor  the  spindle,  may  be  made  [^  cast  lian. 
On  ufety  valvea  conetmcted  after  June  30, 190S,  ndlher  the  valve  nor  the  valve  seats  ahall  be 


The  spindle  ahall  fit  loosely  Jn  the  bearings  or  supports. 

When  the  valve  la  Intended  to  be  applied  to  the  boilers  of  steamers  navigatlr 
the  fulcrum  link  may  be  connected  diiectly  with  the  spindle  of  the  valve;  p 
that  the  knife  edged  fulcrum  points  arc.  made  of  ateel  and  hardened,  and  tl 


^ight  ahall  Ct 

B  oosition  and  the  lever  marked  fcr  the  Duroose  of  tl    ■"■-'   "  ■' 

weight  sh 


fwtened  in  l»  P«ftipn  and  the  lever  marked  tcr  the  purpose  of  fac 


devJoe  be  attached  to  the  lever  or  weight  eicept  ta  .'uch 
tanlsetbevalvefromitoeat.     (SecMlS,K.S.) 
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THE  SPRING  SAFETY 
VALVE 

Constmctioil. — In  this  type  of  valye,  the  force  due  to  the 
compression  of  a  spring  is  used  to  oppose  the  steam  pressure 
instead  of  a  weighted  lever. 

The  spring,  asshown  in  figs.  4,682  and  4,d93  is  attached  to  the  loner  part 

of  the  valve  spindle  and  may  be  placed  inside  or  outside  of  the  valve  chamDerj 


Bectlonal  views  of  Ashton  apring  Dop  safety  valve.  A  aprine 
„  jH  is  adjustable  to  desired  presaure,  holds  the  valve  upon  its 
o  the  valve  stem,  however,  the  valve  may  be  raised,  altowlnB 


is  regulated. 
The  curved  lever  arm  acting  at  the  top  o£  theMjindleisfor^thepurpOBed 
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thus  permitting  the  pressure  to  rise  above  the  pre-determined  value.    The 
acoompanying  cuts  show  actual  construction  of  some  modern  eptiag  valves. 

Why  does  a  pop  safety  valve  "pop"? 

In  this  type  of  soring  valve,  the  construction  is  such  that  as 
soon  as  the  valve  begins  to  open,  an  excess  area  of  the  disc  is  pre- 
sented to  the  escaping  steam,  hence  it  suddenly  opens  wide. 


ly  Bprina  loadfd  Bafety  valve  co 
m  aFterVlng  raised  from  its  k 


■    valve  without  firat  having  been   ap- 
'     proved  hy  the  Board  of   Supendsiofl 


»(tty  valvM  niaiy  be  allowea  on 
the  combined  area  of  Buch  valves 
iired  by  rule  for  one  such  valve, 
if  a  safety  valve,  as  found  by  the 
ill  be  greaier  than  that  coitespond- 


wape  pipes  fot  safety  vi 
isels  alter  July  I.  1010, 
equal  (he  combined  ara 


KiG.4,8fll.ScoltBprins  pop  safety  "Safety  valves"  in  Rule  II. 
valve,    Theporft  are:  A,  base; 

B.  iron  case;  C,  bronie  valve  or  Hereafter  no  safety   valves   havii 

diH:;D.braniebushinEorseat:E,  arrangement  on  top  of  the  valve  cosi 

OTHndle;  G.  icrew  'to  hold  adjust-  beinc  apDliedNh°aji  be  allowed.     On  si 

ablering;H,aptingplate;  I.  bronze  in  use,  Inspectors  ihall  requite  the  set  sc _.. 

loading  bolt;  J.  lock  nnt;K,  lever  out  snd  the  hole  permanently  closed.     This  docs 

(malleable  iron);  L,  iron  cap  and  apply  to  any  safety  valve  whose  form  of  conr ' 

screw  to  hold  cap;  M,  stem  or  issuch  that  the  holcfor  the  set  screwor  bolt  is 

liftlni  nuta.  clossd  wben  the  valve  Is  locked. 
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Ques.    How  Is  the  blowing  off  pressure  r^ulated  on  a 
spring  loaded  valve  P 

Ans,     By  increasing  or  decreasing  the  tension  of  the  spnng. 
This  style  of  valve  always  has  an  adjustable  set  screw  for  this 


Ques.    What  precaution  should  be  taken  with  a  spring 
valve? 

Ans.     Tke  hand  control  lever  should  be  raised  frequently,  per- 
mitting the  valve  to  blow  to  guard  against  the  valve  sticking  to  the  seat . 

Ques.  What  kind  of 
a  spring  valve  should  be 
used  with  superheated 
steam? 

Ans.  One  with  an  out- 
side spring. 


ichcB and  under;  fig.4,fl93,i 


^xrt 


Tis  for  such  vslws.  firing  ealeet.  ha™  a  positive 
At  Ihr  poppina point,  »  properly  de&igned  £prina 
and  this  lift  vill  decrease  approiiaiately  .01  inch 


,_,  Jiatelir  .01  ir 

0€r  pound  that  the  pressure  ih  the  boiler  falls  below  the  popping  point.  Other  pmsures  nay 
force  the  lift  sliahtly  higher  with  such  a  valve,  but  not  sufficiently  to  make  theae  pressum 
necessary  to  obtain  the  full  valve  efficiency.  In  specifying  spring  valves,  therefore,  an  eiozi 
pressure  should  not  be  allowed,  at  least  not  over  1  or  2  pounds. 

J<(yn:.—In»tallallon  and  care  or matttit  ralnet.    All  safety  valves  should  bseonnected 

In  attaching  the  flange,  the  bolts  sliould  be  drano  up  evenly,  as  distortion  of  the  valve  seat 

™ged,  and  not  made  to  blow  at  s  higher  pressure  by  screwing  down  the  spring.  Safety  valve 
springa  are  designed  for  a  definite  pressure,  which  is  usually  sUmped  on  a  tag  fastened  to  the 
valve.  If  a  valve  is  to  be  set  at  a  pressure  differing  from  the  designed  pressure  by  more  than 
5  or  10  pounds  (depending  upon  the  make  of  the  valve)  either  above  or  below,  a  new  spring 
should  be  furnish^.    Where  safety  valves  are  used  with  superheated  steam.  Ihdge  of  the  out- 
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Iks 

B|   THE  VALVE 


u 


II    AND  SEAT 


ni 


Classes    ot  Valve  and 


|j|  types  of  valve  and  seat: 

II  s  1.  Plain  valve  with 
■^li  seat  having  flat  contact 
^11  surface; 

gjl  2.    Plain    valve    with 

|ll  seat  having  beveled  con- 

*«■!  tact  surface: 

IH 

^11  3.    "Pop"    valve   with 

J^^  seat  having  either  flat  or 

|„3  beveled  contact  surface. 

III  Of  the  three  types,  the 
|SJi  latter  with  beveled  con- 
Ill  tact  surface  is  generally 
-g'l^  used  for  marine  use. 

pl 

^S|  How    do    the    discharge 

it^  capacities  of  flat  and 

"  beveled  valves  com- 
pare? 

^"ig  The  discharge  capacity 

i|«  of   a   flat   valve    is    1.41 

|ji|  timesthatofa45''beveled 

3l|  valve  of   same   diameter 

r^  and  lift.                               . 


It 
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What  is  a  pop  safety  valve? 

One  so  constructed  that  it  opens  very  suddenly  like  a  cork 
popping  out  of  a  bottle  and  remains  open  until  the  pressure  is 
reduced  a  pre-determined  amount. 

What  is  the  advantage  of  a  pc^  valve? 

It  is  very  sensitive  in  that  it  will  blow  very  close  to  the  set 
pressure,  and  also  very  stable  in  that  It  will  not  chatter  but 
continue  blowing  until  the  pressure  is  appreciably  reduced. 


the  outside  of  the  valve  without  tafcuig  it  apart.    The  ayriuBS  rest  between  ball 

the  va'lve  cannot  be  affected  by  back  pressure.  Lunkenheimer  valves  have  be- 
an anffle  of  45  degrees  to  the  vertical  axis  of  the  valve,  and  are  provided  ^th  sui' 
by  means  of  which  the  discs  can  be  raised  frcTn  tbeir  seats.  The  outlets  are  mi 
larger  that  the  inlets.  To  take  the  calm  opart:  take  out  the  lock  screw  and 
lever  U;  loosen  screw  M ,  and  remove  bonnetT;  reheve  the  load  on  the  sprina  by 


ithout  taidnff  the  valve  apart. 


„ .  ._„ -, if  the  valve  do  not  relieve  the 

;  enough,  Temove  screw  I ,  and  turn  the  ling  H.  up,  which  covers  the  drill  holes  and 
causes  the  disc  to  lift  highei  and  remain  longer  oS  its  seat.  If  the  valve  reduces  the  pressure 
too  much,  turn  the  ring  H,  down.  When  the  desired  adjustment  is  obtained,  secure  the 
ring  by  means  of  the  screw  1. 

'What  names  are  given  to  the  pressures  at  which  the  valve  opens* 
and  at  which  it  closes? 

The  blow  off  and  the  blow  doum  pressures  respectively. 
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Ques.  Describe  the  construction  and  operation  of  a 
pop  valve. 

Ans.  As  shown  in  fig.  4,699  the  valve  is  provided  with  a  pro- 
jecting pop  lip  and  the  seat  with  an  adjustable  pop  ring  fonning 
the  fop  chamber.    In  operation  when  the  valve  begins  its  opening 


the  blow  dowE  or  closi 


«  with  low  and  h<eh  adjuBtmMt  at  pop  ring  ■bowins  wl 
■e  i«^venied  by  theooslion  of  this  nng.     In  fig.  4,T<Q.  t 


tiia  rififi  is  rcfftrjcted  nsulting  ia  wn  t^ovifu  <^  the  fiteam  with  a  higher  btu^  pnosure  in 

-- ip  chamber  than  in  fig.  I,f03  whe-  "■-  --~  ■'  ■-  ' •"■  — ~--— ■  ' 

.  -,._  ..  .w.  .. ,._.      I,  „ 

le  pop  chamber,  t] 


'  atmosphere.     It  mutt  b«  toidmnt  that  with  the  adjustment  nfiffT^ 
■_  .1 1 >.__  .!_ .._, :.: . — Brand  J» 


the  bailer  pressure  to  a  lower  point  than  with  the  adjiutoieat  <St  Ca.  4,703,  giving  loB  bi 
pressure  ia  tbe  pop  chamber. 
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movement,  steam  rushes  into  the  pop  chamber  and  suddenly  acts 
on  an  excess  area  as  in  fig.  4,700,  thus  quickly  accelerating  the 
movement  of  the  valve  which  opens  wide  with  great  rapidity 
as  in  fig.  4,701. 

Ques.  When  the  pop  chamber  opens  to  the  atmosphere 
what  two  forces  tend  to  keep  the  valve  open  ? 

Ans.  The  pressure  of  the  steam  on  the  excess  area  presented 
by  the  pop  chamber  and  the  beveled  passage  way,  and  the 
centrifugal  force  caused  by  the  action  of  the  curved  pop  lip  in 
changing  the  direction  of  the  steam. 

Ques.    How  is  the  intensity  of  the  pop  regulated  ? 

Ans.    By  adjusting  the  pop  ring. 

Evidently  if  the  jxyp  ring  be  screwed  down  so  low  that  the  pop  chamber 
is  open  to  the  atmosphere  when  the  valve  is  closed  the  valve  wiU  not  open 
so  suddenly  as  when  it  is  adjusted  to  close  the  pop  chamber  when  the  valve 
is  seated  as  in  fig.  4,699. 

As  usually  constructed  the  pop  ring  fits  loosely  and  the  pop  lip  so  that 
the  pop  chamber  is  a  slight  opening  when  ring  is  in  high  adjustment. 

Ques.    What  is  the  main  object  of  the  pop  ring? 

Ans.  To  regulate  the  blow  down  or  closing  pressure  as 
explained  in  figs.  4,702  and  4,703. 

SAFETY 
VALVE  CALCULATIONS 

Introduction.  Nearly  every  one  finds  more  or  less  trouble  in 
solving  safety  valve  problems,  which  well  may  be  called  the 
''bridge  of  sighs,"  as,  indeed,  many  scores  and  hundreds  of  appli- 
cants are  denied  a  license,  because  they  cannot  correctly  answer 
the  questions  relating  to  this  requirement,  and  who  otherwise 
would  have  passed  the  examination. 
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According  to  the  General  Rules  and  Regulations  prescribed  by 
the  Board  of  Supervising  Inspectors: 

Rule  IV,  35. — No  person  shall  receive  an  original  license  as  engineer  or 
assistant  engineer  of  steam  vessels  (except  for  license  as  engineer  of  saw  mill 
boats  and  pile  drivers  propelled  by  steam,  and  except  for  special  license 
as  engineer  of  a  steam  vessel  of  any  kind  of  10  gross  tons  or  under  on  which 
a  licensed  engineer  is  required)  who  is  not  able  to  determine  the  weight  neces- 
sary to  he  placed  on  the  lever  of  a  safety  valve  {the  diameter  of  valve,  length  of 
lever,  distance  from  center  of  valve  to  fulcrum,  weight  of  lever,  and  weight  of 
valve  and  stem  being  known)  to  withstand  any  given  pressure  of  steam  in  a 
boiler,  or  who  is  not  able  to  figure  and  determine  the  strain  brought  on  the  * 
braces  of  a  boiler  with  a  given  pressure  of  steam,  the  position  atut  distance 
apart  of  braces  being  known  *  such  knowledge  to  be  determined  by  an  examin- 
ation in  writing,  and  the  report  of  examination  filed  with  the  application 
in  the  office  of  the  local  inspectors,  and  no  engineer  or  assistant  engineer 
now  holding  a  Hcense  shall  have  the  grade  of  the  same  raised  without 
possessing  the  above  qualifications.     (&c.  4405  R.  S.) 

Two  Methods* — ^There  are  two  methods  by  which  the  appli- 
cant for  an  engineer's  license  can  prepare  to  answer  questions 
on  the  safety  valve  problem;  1.  By  learning  several  rules  parrot 
fashion,  or,  2.  By  reasoning  out  the  matter  and  writing  an  equation 
from  which  the  answer  to  any  question  the  examiner  may  ask  is 
easily  obtained. 

The  man  who  adopts  the  first  method,  spends  considerable  time  in 
memorizing  the  several  rules,  which  have  absolutely  no  meaning  to  him, 
and  consequently,  he  does  not  know  any  more  about  the  problem  than  he 
did  at  first,  although  he  may  be  able  to  recite  these  niles  and  pass  the 
examination. 

Again,  the  man  who  can  solve  the  problem  by  the  second  method  under- 
stands what  he  is  talking  about;  he  knows  why  a  given  weight  must  be 
placed  at  a  certain  point  for  the  valve  to  blow  at  a  given  pressure.  More- 
over, he  commands  respect  rather  than  tolerance  from  the  examiner.* 

XJnfortimately,  those  with  very  limited  knowledge  of  mathematics  are 
unable  to  learn  how  to  construct  and  solve  an  equation  without  con- 
siderable study,  but  the  author  believes,  in  most  cases,  that  the  time  spent 


♦NOTE. — ^Unfortunately,  some  of  the  Government  authorities,  presumably  to  facilitate  the 
work  of  their  examiners  by  having  safety  valve  problems  worked  out  in  the  same  order,  insist 
that  the  problems  be  worked  according  to  the  so  called  Roper's  rulcB,  It  should  be  disiincUy 
understood  that  Roper  did  not  originate  any  "rules"  but  simply  stated  safety  valve  principles 
in  the  form  of  rules,  indicating  a  certain  order  in  which  the  various  operations  of  multiplication, 
division,  etc.,  are  to  be  performed  in  solving  the  problems,  just  as  he  might  say  3X5"15» 
while  some  other  writer  would  express  it  6X3  « 15,  the  result  being  the  same  in  either  case. 
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in  committing  to  memory  meaningless  mles,  cotild  be  far  better  utilized 
in  studying  the  principles  of  the  problem  and  thus  acquire  some  real  knowl- 
edge rather  than  artificial  knowledge. 

Safety  Valve  Rules  as  stated  by  Roper 

{Edited  and  revised) 

1. — ^To  find  the  weight  necessary  to  put  on  a  safety  valve  lever, 
when  the  area  of  valve,  pressure,  etc.,  are  known. 

RULE. — A,  Multiply  the  area  of  valve  by  the  pressure  in  pounds  per 
square  inch;  B,  multiply  this  product  by  the  distance  of  the  valve  from  the 
fulcrum;  C,  multiUy  the  weight  of  the  lever  by  one-half  its  length  (or  its 
'center  of  gravity);  D,  multiply  the  weight  of  valve  and  stem  by  their  dis- 
tance from  the  fulcrum;  £>  add  these  last  two  products  together;  F,  subtract 
their  sum  from  the  second  product,  and  divide  the  remainder  by  the  length  of 
the  lever;  the  quotient  will  be  the  weight  required. 

2. — ^To  find  the  pressure  per  square  inch  when  the  area  of  valve, 
weight  of  ball,  etc.,  are  known. 

RULE. — A,  Multiply  the  weight  of  ball  by  the  length  cf  lever;  B,  multiply 
the  weight  of  lever  by  one-half  its  length  {or  the  distance  from  the  fulcrum  to  its 
center  of  gravity);  C,  multiply  /Ae  weight  of  valve  and  stem  by  the  dis- 
tance from  fulcrum;  D,  add  these  three  products  together;  £,  this  sum  divided 
by  the  product  of  the  area  of  the  valve,  and  its  distance  from  the  fulcrum,  will 
give  the  pressure  in  pounds  per  square  inch, 

3. — ^To  find  the  distance  from  the  fulcrum  at  which  the  weight 
should  be  placed  for  a  given  blowing  off  pressure. 

RULE. — A,  Multiply  the  area  of  the  valve  in  square  inches  by  the  steam 
pressure  per  square  tnch;  B,  subtract  the  weight  of  the  valve  and  stem  in 
pounds;  C,  multiply  the  difference  by  the  distance  from  the  valve  to  the  ful- 
crum in  inches;  Uyfrom  this  product,  subtract  the  product  of  the  weight  of  the 
lever  by  the  distance  of  its  center  of  gravity  from  the  fulcrum;  E,  this 
difference,  divided  by  the  weight  of  the  ball  in  pounds,  will  give  the  required 
distance  in  inches, 

4. — ^To  find  the  distance  of  the  center  of  gravity  of  taper  levers 
from  the  fulcrum. 

RULE. — A,  To  the  width  of  the  small  end  of  the  lever  add  one-third  of  the 
difference  between  the  large  and  the  smalt  ends  of  the  lever;  B,  multiply  the 
sum  by  the  length  of  the  kver;  C,  divide  the  product  by  the  sum  of  the  large 
and  the  small  md  of  the  lever ,  all  in  inches.  The  quotient  will  be  the  required 
distance  in  inches. 
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Problem.— RVLE  1,  fig.  4,704. 

Given :  Area  valve  7 .07  sq.  ins.  Weight  of  valve  and  sptndle 
=  8  lbs.;  weight  of  lever,  24  lbs.;  distance  fulcrum  to  spindle, 
4  ins.;  distance  fulcrum  to  center  of  gravity  of  lever,  16  ins.; 
distance  fulcrum  to  ball,  20.2  ins.    Steam  pressure  60  lbs. 

Find:  Weight  of  ball. 


.4,701.  PrsblamJtubJi  Tofindtkiunlfhllobeplatiln 


A.  First  step 

7.07      N.  Ins.  a™  ot  vmlve 

60   lbs.  P=I  •q.in.,  itcBin  pr«.iire 

424.20  lbs. 
This  gives  the  tolal  pretture  due 

Id  (he  iteam  aeUne  on  the  vaivi. 

B.  Second  step 

424.2  lbs.  total  pnswire  on  valve 


This  is  the  ateant  moment  lendint 
to  open  the  valve. 


C.  Third  step 

24  ItM.  weight  of  lever 

■•/,    int.  dinance  fiom  [nlcrum 

144" 

24 

3S4 


D.  Fourth  step 

8  lb«.  wdsht  o(  vbIvc  and  (plndle 
4  ins-  dlatincefulciumtoaidiullfl 

32 
This  is  the   oaloe  and  epindim 
moment  lendint '"  elote  the  valor 
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E.  Fifth  step 

384  tevet  moment  frame 

o^  moment  from  D 
416 

This  IS  the  sum  ot  the  lever  mo- 
ment and  the  valoe  ana  apindle 
moment, 

F.  Sixth  step 

1,696.8    »t«mmom™tfr™E 
A-ic         lev«r  mcment-t  valve  and 

1,280.8 


20.2)1280.8(63.41 
1212 


This  is  the  required  weight  neces- 
sary to  pat  on  the  lever  at  the  given 
dUtaneeforthevalvetoblowatdolbs. 


Fio*.705.ProblamRuIel!  Tofiitdalaampi 

Problem.— RULE  2,  fig.  4.705. 

Given:  Area  of  valve  7.07  sq.  ins. ;  weight  of  valve  and  spindle 
8  lbs.;  weight  of  lever  24  lbs.;  weight  of  ball  63.41  lbs.;  distance 
fulcrum  to  spindle  4  ins. ;  distance  fulcrum  to  center  of  gravity  of 
the  lever  16  ins. ;  distance  fulcrum  to  ball  20.2  ins. 

Find:  Steam  pressure  at  which  valve  will  blow. 
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A.  First  step 

63.41  lbs.  weight  of  baU 

on  O  ^"^'  <listance  from 
^^•^  fulcrum  to  ball 


12  682 
1268  2 
1280.882 


This  is  the  ball  moment  tending 
to  close  the  valve. 


B.  Second  step 

24  lbs.  weight  of  lever 

1 A    ins.  distance  from  fulcrum 
■l-O   to  center  of  gravity  of  lever 


144 

24 

384 

This  is  the  lever  moment  tending 
to  close  the  valve. 


C.  Third  step 

8  lbs.  weight  of  valve  and  spindle 
4   ins.  distance  from  fulcrum  to  spindle 

32 


This  is  the  valve  and  spindle  mo- 
ment tending  to  close  the  valve. 


D.  Fourth  step 

1280.88  baU  moment  (product  A) 

884 
32 


lever  moment  (product  B) 

valve  and  spindle  moment 
(product  C) 


1696.88 


This  is  the  sum  of  the  three  mo- 
ments (calculated  in  A,  B,  and  G) 
tending  to  cUkse  the  valve. 


E.  Fifth  step 

7.07    area  of  valve 

4    distance  from  fulcrum 

28.28)1696.88(60  lbs. 
1696.8 
8 

This  is  the  required  pressure  at 

which  the  valve  will  blow. 


Problem.— RULE  3,  fig.  4J06. 

Given:  Area  of  valve  7.07  sq.  ins. ;  weight  of  valve  and  spindle 
8  lbs. ;  weight  of  lever  24  lbs. ;  weight  of  ball  63.41  lbs. ;  distance 
fulcrum  to  center  of  gravity  of  the  lever  16  ins. ;  steam  pressure 
60  lbs. 

Find:  Distance  of  ball  from  the  fulcrum. 


Rule  II,  23. — Safety  valves  when  fitted  either  to  the  shell  of  boiler  or  steam  drum  may  be 
fitted  with  internal  dry  pipes  when  made  of  standard  steam  pipe  or  of  riveted  material  equal 
in  thickness,  and  when  the  combined  openings  in  the  dry  pipe  equal  in  area  at  least  one  and 
one-half  times  the  opening  of  the  valve. 
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A.  First  step 


7.07      K).  liu.anaatnlv« 

60  lbB.eteunpKMiinperwi.ln. 

424.20 


B.  Second  step 

424.2    total  pRHUie  oa  nivs 
S         WF<sht  of  valve  and  ■plndle 

416.2 
Thii  is  the  net  pretture  aeling 
uttward   on   ihe   valve  allowing  for 
vmght  ofvaivs  and  spindle. 


Fw.  4,706.  J*™61em  Utile  tt  To  find  dUtanca  fiom  tkt  fvlcn 


C.  Third  step 

416.2  lbs.   netupwardpr 

4ins.^'^"S'™ 

1664.8 


D.  Fourth  step 


24  ib<. 
16  ofp 


reiiht  of  lever 
ivlty  to  fulcrum 
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1664.8  steam  moment  (product  G) 
384        lever  moment  (product  D) 

1280.8 

This  is  the  dilrerence  between  the 
steam  and  lever  moments.' 


£•  Fifth  step 


Divide  difference  between  9tenm  and  lever 
moments  found  in  D  by  weight  of  ball,  i.e. 


steam  moment— lever  moment -^ weight  of  ball 

63.41)1280.8(20.2  ins. 
1268  2 
12600 

This  is  the  required  distance  from 

the  fulcrum  at  which  the  hall  must  be 
placed  for  the  valve  to  blow  at  6o  lbs, 
pressure. 


Problem.— Rule  IV,  fig.  4,707. 

Given:  Width  of  small  end  of  lever  1  in.;  width  of  large  end 
3  ins. ;  length  of  lever  30  ins. 

Find:  Center  of  gravity  of  lever. 


FiG.4,707.  Probtem  Rule  4:  To  find  the  center  of  gravity  of  the  lever. 


A. 


step 

3    large  end 
1    small  end 


3)2    difference 

•667    one-third  difference 
1 ,    small  end 


1.667  small  end  +  H  difference 

B.  Second  step 

1 .667  sum  from  A 

30  length  of  lever 

50.010 


C.  Third  step 

3  large  end 
1    small  end 

4  sum  of  ends 
4)50.01  product  from  B 

12.5  ins. 

This  is  the  required  distance  of  the 
center  of  gravity  from  the  fulcrum. 


BOILER  FIXTURES  2,675 

Principle  of  the  Safe^  Valve. — When  a  boiler  is  in  operation 
there  are  four  forces  acting  on  a  lever  safety  valve,  of  which,  one 
tends  to  raise  the  valve  off  its  seat  and  the  other  three  tend  to  keep  it 
closed;  when  the  first  force  slightly  exceeds  the  sum  of  the  other 
three  forces,  the  valve  will  open  and  allow  the  steam  to  esca[)e- 
The  four  forces  just  mentioned  may  be  described  as  follows; 

1.  The  force  due  to  the  steam  which  tends  to  open  the  valve; 


2.  The  force  due  to  the  weight  of  the  valve  and  spindle,  which 
tends  to  dose  the  valve; 


Flc  4.70S.  Method  of  finding  the  center  of  gravity  of  Che  lever.  The  centei  of  gravity  of  the 
lever  1a  the  point  where  the  tai  would  be  la  equilibiium  if  balanced  over  a  knife  edge  or  any 
other  lupport  with  a  sharp  comer  placed  at  right  angles  to  the  lever,  as  shown  in  the  fiaure. 

3.  The  force  due  to  the  weight  of  the  lever,  which  tends  to  close 
the  valve; 

4,  The  force  due  to  the  weight  of  the  ball,  which  tends  to  close 
the  valve. 

These  forces  act  at  different  distances  from  a  point  called  the 
fulcrum,  which  corresponds  to  the  point  F,  in  fig.4 .  709  about  which 
the  lever  turns.  As  indicated  in  the  figure,  the  four  forces  are 
as  follows: 

S  =  total  pressure  due  to  the  steam  tending  to  raise  the  valve; 
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This  is  equal  to  the  steam  pressure  indicated  by  the  steam  gaus[e  multiplied 
by  the  area  of  the  valve.  The  area  of  the  valve  is  equal  to  its  diameter 
tsquared,  multiplied  by  .7864. 

V  =  weight  of  valve  and  spindle; 
G  =       "      "  lever; 

B  =        "      *'  ball. 

The  distances  at  which  these  forces  act  are: 

V  =  distancefromfulcrum  to  center  of  the  valve; 

g  =        "  "  "       "  center  of  gravity  of  the  lever; 

b  =  distance  from  fulcrum  to  the  ball. 


Fig.  4,709.  Lever  safety  valve  with  dimensions,  etc.,  necessary  in  maldng  calculations.  6, 
Distance  from  fulcrum  to  ball;  g,  distance  fulcrum  to  center  of  gravity  of  lever;  v,  diwtanre 
fulcrum  to  spindle;  F.  fulcrum;  V.  weight  of  valve  and  siundle;  G,  weight  of  lever;  B, 
weight  of  baU. 

The  weights  are  measured  in  pounds,  and  the  distances  in  inches. 

The  weight  of  the  lever  is  considered  as  acting  at  its  center  of  gravity 
gf  distance  from  the  fulcrum. 

The  center  of  gravity  of  the  lever  is  that  point  where  it  would  be  in  equili- 
brium if  balanced  over  a  knife  edge  or  any  other  support  with  an  edge,  as  in 
fig.  4,708. 

Now,  since  all  of  these  forces  do  not  act  along  the  axis  or  central 
point  of  the  valve  (fig.  4,709),  it  is  necessary  to  determine  the  ten- 
dency of  the  several  forces  to  produce  rotation  of  the  lever  about  the 
fulcrum  F. 
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In  order  to  determine  this,  the  momenls  of  the  several  forces 
with  respect  to  the  fulcrum  F  must  be  determined. 

In  mechanics  the  tnoment  of  a  force  is  a 
measure  of  its  effect  in  producing  rotation 
about  a  fixed  point. 

The  moment  of  a  force,  with  respect  to  a  point,  is  the  product 
of  the  force  multiplied  by  the  perpendicular  distance  from  the  poin^ 
to  the  direction  of  the  force. 

The  fixed  point  corresponding  to  the  fulcrum  F.fig.  4,709iB  called  the  ci 
the  force. 


The  moment  of  the  ball  Binfig,4,709  with  respect  to  the  fulcrum  F,  for 
instance,  is  equal  to  the  weight  of  the  ball  multiplied  by  its  distance  from  F, 
that  is,  moment  of  the  ball  =  B  X  6  or  simply  Bfc. 

The  four  moments  to  be  considered  in  solvii^  the  safety  valve 
nrnhlpm  arft  as  follows:  ^ 
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1.  Moment  due  to  the  steam; 

It  is  equal  to  the  total  pressure  of  the  steam  acting  on  the  valve  multiplied 
by  the  distance  from  fulcrum  to  center  of  valve;  that  is,  in  fig.4,7098feain 
moment '^So. 

2.  Moment  due  to  the  weight  of  the  valve  and  spindle; 

It  is  equal  to  the  weight  of  the  valve  and  spindle  multiplied  by  the  distance 
from  fulcrum  to  center  of  valve;  that  is,  valve  and  spindle  moment— Vv. 

3.  Moment  due  to  the  weight  of  the  lever; 

It  is  equal  to  the  weight  of  the  lever  multiplied  by  the  distance  from  the 
fulcrum  to  the  center  of  gravity  of  the  lever;  that  is,  lever  moment »  Gg, 

4.  Moment  due  to  the  weight  of  the  halL 

It  is  equal  to  the  weight  of  the  ball  multiplied  by  the  distance  from  the 
fulcrum  to  the  ball;  that  is,  ball  moment  ^Bh, 

Now,  when  the  valve  is  at  the  point  of  blowing  off,  the  first 
moment  which  tends  to  raise  the  valve  will  equal  the  sum  of  the 
other  three  moments  which  tend  to  keep  the  valve  closed;  that  is: 


steam    \  C        valve  and      \  C    lever    \  C      hall 

moment  >   =«  -s  spindle  moment)-  +  -{moment  >  +  -{  moment 

SXv     )  {  VXv         )  [  GXg   j  {     BXb 


RuLB  II,  23. — ^The  areas  of  all  safety  valves  on  boilers  contracted  for  or  the  construction 
of  which  commenced  on  or  after  June  1,  1904,  shall  be  determined  in  accordance  with  th« 
following  formuia  and  table: 

W 

Formula:  tf=.2074  X— (1) 

^  P 

Where  a  =area  of  safety  valve,  in  square  inches,  per  square  foot  of  grate  surface. 
W=pound8  of  water  evaporated  per  square  foot  of  grate  surface  per  hour. 
P=absolute  pressure  per  square  inch=working  gauge  pressure +15. 

When  this  calculation  results  in  an  odd  size  of  safety  valve,  use  next  larger  standard  aiae.  * 

Example. 

Boiler  pressure=75  pounds  per  square  inch  (gauge). 

2  furnaces:    Grate  8urface='2(No.)  X5  feet  6  inches  (long)  X  3  feet  (wide)s:33  square  feet. 

Water  evaporated  per  pound  of  coal=8  pounds. 

Coal  burned  per  square  foot  grate  surface  per  houp=12  ^  pounds. 

Evaporation  per  square  foot  grate  surface  per  hour  or  W,=8  X12H^=100  pounds,  pss^s^ 
15=90  lbs.  absolute. 

From  equation  (1) 

inn 
a=.2074  X  ^  =.23  cu.  ins. 

Therefore  area  of  safety  valve=33  X.23=7.59  square  inches. 
For  which  the  diameter  is  3H  inches  nearly. 
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substituted  for  the  letters  and  the  equation  solved  for  the  un- 
known letter. 

Example:— What  weight  ball  must  be  put  on  a  3'  safety  valve  so  that  it 
will  blow  at  100  lbs.,  if  the  weight  of  valve  and  spindle  be  8  lbs.,  lever,  24  lbs., 
distance  of  valve  from  (iilcruni  4';  distance  of  center  of  gravity  from  tulcnim 
16';  distance  from  fulcrum  to  ball  38'. 

S,  the  total  pressure  tending  to  raise  the  valve  is  equal  to  the  steam  pressure 
multiplied  by  the  area  of  the  valve  in  square  inches-IOOXdianuXdiam-X 
.7854-100X3X3X.7854-706.91bs.,  say  707  lbs. 

Now  write  out  the  equation  and  substitute  the  values  given  in  the  example 
and  value  just  found  for  S,  under  the  proper  letters,  thus: 


Fic.  4.712.  Example:  To  jSni  whal  inttght  mvst  be  put  on  the  esfety  nlre  whea  th*  M 
dltiong  ere  u  indicated  in  the  Siun. 


Sv  =  Vv  +  Gg^  +  B6 


2,828 -416+388 
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The  equation  must  be  "oolved  for  B,"  which  means  that  evervthing  must 
be  tranaferred  to  the  left  hand  side  of  the  equality  sign  except  the  B.  The 
firM  step  then  is  to  get  the  416  on  the  left  hand  side;  to  do  this,  subtract  416 
from  both  sides,  thus: 

2,828 -416+3SB 

416    416 
2.412=  338 

As  it  now  stands,  2,412-3SB,  or  in  Other  words,  38B  -2,412: 
Now,  divide  both  sides  by  38,  thus: 

383^2,412  ^ 


3.4  lbs.,  weight  of  ball. 


RULB  II.  la.—EKamtUs  COfUinucd. 
Boiler  pna8ure=21B  pqunds. 

!  aurfae<!=e  (No.)  X5  f»et  8  inches  (long)  X3  f( 


■quaie  ieet. 

Water  evsporatcd  ptr  pound  0081=^1 
Coal  burned  per  square  foot  grate  lui 
Bva^oratton  per  Bnuaie  foot  grale  bu 
Hencs  W^^^aOO,  P=^1S+15>b230  lbs.  aowuuie. 

Therefore  area  of  safety  vBlve=110X.27=2S.7  sqiwre  1 
valve.     Use  twa. 

^I^^U.BGsquaieiaches.     DiBnieter=4>i  inchei. 
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When  the  engineer  has  to  solve  a  safety  valve  problem  in  actual 
practice,  he  may  do  so  without  finding  the  center  of  gravity  of  the 
lever,  if  he  use  a  spring  balance  as  in  fig.  4,713. 

The  balance  should  be  hooked  under  the  point  at  which  the 
valve  spindle  acts  and  then  by  pulling  up  on  the  balance,  the 
actual  downward  pressure  of  the  lever  at  this  point  can  be  deter- 
mined. To  this  weight  should  be  added  the  weight  of  the  valve 
and  spindle. 

The  forces  then  will  be  inasfig.4,714from  which  the  equation  is: 

Sv  =  Mv+B^ 

here  M,  is  equal  to  the  sum  of  the  pressure  of  the  lever  as  indi- 
cated on  the  scale  and  springfig.4,713plus  the  weight  of  the  valve 
and  spindle;  the  other  letters  are  as  before. 

If  the  weight  of  the  ball,  or  its  distance  from  the  fulcrum  be 
required,  the  equation  can  be  still  further  simplified  by  letting 

Hi 

Rule  ji,  23.' — Examples  continued. 

To  determine  the  area  of  a  safety  valve  for  boiler  using  oil  as  fuel  or  for  boilers  designed  for 
any  evaporation  per  hour: 

Divide  the  total  number  of  pounds  of  water  evai>orated  per  hour  by  any  number  of  pounds 
of  water  evaporated  per  square  foot  of  grate  surface  per  hour  (W)  talcen  within  the  limits  of 
100  to  380  lbs.  This  will  give  the  equivalent  number  of  square  feet  of  grate  surface  for  boiler 
for  estimating  the  area  of  valve.     Then  proceed  as  before. 

Example. 

Required  the  area  of  a  safety  valve  for  a  boiler  using  oil  as  fuel,  designed  to  evaporate 
S,000  i>ounds  of  water  per  hour,  at  175  pounds  gauge  pressure. 

Make  W=200. 

8  000 

~rjr —  =40,  the  equivalent  grate  surface,  in  square  feet 

For  W=200,  and  P=175  +15=190  lbs. 

A=.2074  X|^=.218 

and  .218X40=8.72  square  inches,  the  total  area  of  safety  valve  required  for  this  boiler,  for 
which  the  diameter  is  SVie  inches  nearly. 
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M,  in  fig.  4,714,  represent  the  sum  of  the  pressure  of  the  lever  as 
indicated  on  the  spring  scale  plus  the  weight  of  the  valve  and 
spindle,  subtracted  from  the  total  pressure  of  the  steam  on  the 
valve.    The  equation  then  becomes 

Mv  -  Bb 


^,  distance  ful- 


RULB  II,  £3.— Whenever  the  srei  of  a  eafety  vi 
U  ba  snatec  than  that  corresponding  to  tyi  inches 
D  combined  area  of  which  shaU  be  equal  at  least  to  t 


2,684 
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Stop  Valve, — The  term  stop  valve  is  commonly  and  erron- 
eously applied  to  all  hant^  control  valves,  but  strictly  speaking  a 
stop  valve  is  a  non-return  valve,  that  is,  it  is  virtually  a  check 
valve  with  a  hand  wheel  and  screw  stem  which  acts  only  to  close 
the  valve^  as  shown  in  fig.  4,716. 

When  the  hand  wheel  is  turned  to  open  position,  the  opening  of  the  valve 
will  depend  upon  the  direction  of  pressure  just  as  in  the  case  of  an  ordinary 
check  valve. 


ADJUSTABLE  STOP 
UPT  LIMIT 


VALVE   STE.M 
CLOSED  POSITION 


Eia^<-HAHO>N 


X<     BOILER 
^     PRESSURE 


COUNTER  BALANCE 

SPRING  t^ 


TO  BOILER 


VAUVE  CLOSED 


m^ 


FiG..4,716. — Stop  or  non-return  valve.  A  form  of  check  valve  which  can  be  opened  or  closed 
by  hand  control  when  the  pressure  in  the  boiler  is  greater  than  that  in  the  line,  but  cannot  be 
opened  when  the  pressure  vnthin  the  boiler  is  less  than  that  in  the  line.  The  counter- 
balance spring  slightly  overbalances,  the  weight  of  the  valve  and  tends  to  hold  the  valve 
open,  thus  preventing  movement  of  the  valve  with  every  slight  fluctuation  of  pressure. 

A  non-return  or  stop  valve  is  an  exact  mechanical  equivalent  of  the 
electrical  discriminating  cut  out  or  reverse  cturent  circuit  breaker  and 
electrically  speaking  it  may  be  called  a  discrimiruUing  stop  or  reverse  flow 
shut  off, 

Ques.    Where,  and  for  what  purpose,  are  stop  valves 
used? 

Ans.    A  stop  valve  is  placed  on  the  main  steam  outlet  of  each 
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boiler  of  a  battery  of  boilers,  to  prevent  inflow  of  steam  in  case 
of  accident  or  shut  down  for  deaning  or  repairs  of  one  or  more  of 
the  boilers. 

The  importance  of  stop  valves  for  use  on  a  battery  of  boilers  is  univei'sally 
acknowledged,  and  in  some  countries  their  installation  is  compulsory.  It  is 
evident  that  should  a  tube  be  blown  out  or  a,  fitting  ruptured  in  one  of  the 
boilers  of  a  battery,  the  steam  from  the  other  boilers  would  rush  into  the 
header  and  discharge  into  the  disabled  one.    An  ordinary  valve  would  here 


Figs.  4,717  and  *,718. — Lulieiiheimet  non-ntum  stop  vtivt  with  putside  eptine  and  lever 
mecbanism.  Fig.  1,717  vertical  section  parailel  to  pipt;  fig.  4.7l8-vertiea1  section  at  riaht 
angles  to  pipe.      The  outside  spring  and  lever  is  provided  to  effect  a  slight  cpunterbalancine 

the  valve  or  line  which  tentf  to  actuate  the  disc  with  every  slight  fluctuation  of  preaaure. 
These  fluctuations,  usually  caused  hy  the  engine,  are  frequently  met  with  in  steam  lines, 
and  unless  some  means  be  applied  far  counteracting  these  pulsations,  the  disc  will  be  kept 
in  continual  molion;  Where  the  fluctuation^  of  pressure  do  not  eiist.  and  the  flov  of  steam 
is  steady,  the  use  of  the  eiterioi  spring  and  tever  mechanism  is  not  necessary.  In  adjialtnp 
the  spring,  the  valve  should  be  connected  and  tried,  without  the  spring  under  Unsion.  If, 
ever.  w_  en  aeam^is   ume    on,  a_[w  sa  ingmn  i  ion    ere  op    i*  j^  ^a^^ea^^y  ^^^  e^ 

■^'"----^-'-—ement  of  the  spindle 

iskeyed  totheshaft 
I  snait  enters  me  vajve  tnrougn  me  atuning  oojt  r.  rttiacnea  to  the  shaft  O,  is  the 
in  I.  to  which  are  pivoted  the  lirlia  R,  whwh.  in  turn,  are  loosely  £ — '  *-  *••- 


'"■^i^"the 
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be  inadequate,  as  considerable  time  would  necessarily  be  consumed  in 
reaching  and  closing  the  valve,  and  a  certain  amount  of  danger  must  be 
anticipated.  Where  a  stop  valve  is  used  a  slight  reduction  c^pressure  in 
the  damaged  boiler  will  cause  the  valve  to  act  and  isolate  it  from  the  others 
in  the  battery,  preventing  damage  and  possible  injury  or  toss  of  life. 


4,718. — Powell  disc  check  valve.     The  eheolc  ditcVd  has  integiElly  cait  wing  guides. 

*      ■"  ■"     '■■"'"  thBRuidcC.  auidliaryBuideibcin^provifledbelow  the  mse.    To 

c,  lift  out  guide  C.  place  a  little  fine  sand  or  ground  gloH  and 


whichsauBlyeneafEe  within  the  RuideC.  auuliary  suidefl  be 


disc  face.  repUc ,,., 

te  bade  and  forth  until  a  good  bearing  is  obtAine 
or  saod  and  leplace  valve  guide  C ,  and  BCrev  on  ] 


.722.— Lultenheimef  ball  check  valveE.  Pig.  4,720.  angle  pattern;  fig.  4; 
sm;  fig.  4,722,  vertical  pattern.  This  form  of  cheek  con^ts  □£  three  ne 
;  C,  b^:  B,  bonnet.  It  meets  the  requirements  for  useis  of  this  type  of  ct 
3t  deeitsble  for  lizea  above  3  inches  because  of  the  high  cost  aiid  w^ht  of 


A  stop  valve  will  prevent  steam  being  turned  into  a  boiler  which  has  been 
cut  out  for  cleaning  or  repairs,  as  it  can  not  be  opened  by  hajid  when  pressure 
is  on  the  header  side.     It  can,  however,  be  closed  when  desired. 


e  connected  in  either  a  horizontal  or  vertical  positim. 
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Chedc  Valve. — ^This  is  a  form  of  stop  or  non-return  valve 
used  to  control  the  admission  of  feed  water  into  the  boiler. 

The  pressure  within  the  boiler  keeps  the  valve  upoa  its  seat  unless  over- 
come by  superior  pressure  caused  by  the  pump  or  injector,  thus  penmtting 
feed  water  to  ent^  while  preventing  its  escape  from  the  boiler. 

Check  valves  on  marine  and  other  boilers  sometimes  have  adjustable 
lifts,  controlled  by  a  wheel  and  spindle,  but  those  designed  for  use  on  loco- 
motives are  generally  non-adjustable,  as  only  one  boiler  has  to  be  considered. 

There  are  several  kinds  of  check  valve,  as: 
1.  Disc  check. 


•fias.  4.T23  and  4, 724. — Lulcenheimer  BwinjCng  check  w 


I'lOS.  4.T23  and  4, 724. — Lulcenheimer  smnjCng  check  valve.  The  design  given,  vatveopen- 
ina  urea  equal  to  Ihatof  the  con nectina  pipes.  The  vslve  disc  B,  b  attached  by  the  nut  D. 
tothecamorC,  which  is  pivoted  at  H.  The  twg  side  plugs  {fig,  i.Ti3)  serve  as  bearing* 
forthe  pivot  pin  H.  Should  the  movement  of  the  pin  cause  the  plugs  to  wear,  they  can  be 
easily  rtwned  at  small  eipense.  To  prevent  the  disc  lock  nut  jarring  loose,  a  hole  is  drilled 
thiDugh  both  the  lock  nut  and  threaded  end  of  due.  tbmugh  which  h  wire  is  inserted.  To 
regrind.  unscrew  bonnet  F,  and  place  some  powdered  alus  or  aand.  and  soap  or  oil  on  the 
plug  E,  opposite  diK.  ntuch  permits  iuoertiiig  a  bcibw  diivei  in  the  tiol 


2.  Ball  check. 

3.  Swinging  check. 

4.  Adjustable  check. 


According  to  Hutton  the  valve  should  be  sufficientljr  larg^  in  diameter 
to  deliver  the  water  with  a  lift  not  exceeding  J^-inch,  higher  lifts  resiUting 
in  rapid  destruction  of  the  valve  seat  from  the  hammering  action  of  the 
valve,  especially  when  used  with  engine  driven  piunps.  Of  course  with 
an  injector  when  the  feed  is  continuous,  the  valve  remains  oft  its  seat  while  I 
the  injector  is  in  operation,  and  accordingly  a  higher  lift  is  not  objectionable. 
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The  author  believes  that  in  determining  the  size  of  a  chock  valve  its 
area  of  valve  opening,  for  a,  satisfactory  hft,  should  be  such  that  the  rate  of 
flow  will  not  exceed  200  feet  jjer  minute.  A  method  of  figuring  the  area 
required  is  given  in  the  following  example: 

Example. — A  certain  boiler  requires  1,000  Iba,  of  feed  water  per  hour. 
Determine  feed  check  valve  opening  and  diameter  for  ^-inch  lift,  49° 
beveled  seat  aad  a  flow  of  200  feet  per  minute. 

1  cubic  foot  of  water  at  212"  (from  table)  weighs  69.76  pounds,  hence 

volume  oi  1,000  pounds  water= 1,000+59.76  =  16-74  cu.  ft.  per  hour,  or 


a  flow  of  200  feet  per  minute 


valve  opening  area  ■ 


16.74  cu.  ft.  X 144  sq.i 
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Now  for  a  beveled  seat,  the  efiective  valve  opening  area  as  shown  in  fig. 
4,727,  is  equal  to  the  slant  surface  ot  the  frustion  of  a  cone  whose  upper 
base  diameter  AA'  is  equal  to  the  diameter  of  seat  opening,* 


(■ysi 


•  NOTE,— The  ilant  surface  is,  obviousl)-.  peipeiidicular  to  thi 
of  the  slant  surface  is  less  than  the  lift,  the  capacity  of  a  beveled  val' 
valve.  Iiifig.4,738.AC,istheiilantheiRht,ff  is  theaosle  ABC,  b 
sad  the  valve  seat,  hence  in  tiisngli  ABC, 

sin  «-AB+AC -lift +slant  height 


id  since  tlie  heiglit 
than  that  of  a  Sat 


-  slant  heightXaverage  base  ct 


Now  in  Eg.  4,729, 


CD+CA-COS* 
CD  -CAcn'S'xliftXsin^cos^ 
.« -45°,  and  lift  -  H  inch 

::D-2x>ixv>ixvM->ixvM-.i2s 

imeter  AA',  uniting,  in  Eg.  O.OOfl. 
CC'  =  1+. 138-1,125 

->S(H-1.12S) -1.063 

"slant  haght  -  Jjx  V2  -  .177  inches 


2,690 
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Figs.  4,723  and  4,724  show  ball,  and  swinging  check  valves.  In  many 
places  where  check  valves  are  used  it  is  desirable  to  control  the  lift  of  the 
disc  to  prevent  chattering. 

In  marine  practice,  the  fast  running  pimips  attached  to  the  engine,  bring 
severe  duty  on  the  check  valves,  and  for  such  conditions,  a  means  for 
adjusting  the  lift  as  in  figs.  4,725  and  4,726  is  desirable. 

Blow  Off  Valve. — The  object  of  a  blow  oflE  valve  is  to  provide 
means  for  discharging  mud,  scale,  and  other  impurities  which 
enter  the  boiler  in  the  feed  water. 


Pig.  4,730. — ^Lunkenheimer  "Duro"  blow  off  valve  and  "Victor"  gate  valve  bolted  together. 
Blow  off  valves  have  probably  given  more  trouble  than  any  other  boiler  fitting.  Many 
kinds  have  been  offered  upon  the  marl^t,  which  are  claimed  to  possess  the  chi^  requisite 
in  valves  of  this  kind,  that  is,  durability,  but  in  practice  they  all  appear  to  lack  thi^essential 
feature.  The  combination  of  a  blow  off  and  gate  valve  as  above  is  extensively  used,  l^is 
combination  has  many  advantages  that  can  not  be  obtained  by  the  use  of  a  blow  off  valve 
alone.  The  gate  valve  is  used  as  an  emergency  valve,  should  accident  happen  to  the  blow 
off  valve,  in  which  event  the  former  can  be  closed  until  repairs  are  made.  It  not  only 
serves  as  an  emergency  valve,  but  also  insuret  a  perfectly  ti^ht  blow  off  arrangement.  The 
gate  valve  should  be  opened  and  closed  but  once  a  day,  being  closed  after  the  last  blow  off 
and  opened  early  in  th«  morning.  It  is  eMential,  however,  that  the  gate  valve  be  operated 
at  least  once  in  twenty-four  hours  in  order  to  prevent  it  becoming  inoperative. 


The  chief  difficulty  encountered  with  the  blow  off  valve  is 
leakage  which  is  greatly  aggravated  by  the  presence  of  boiler 
scale. 

When  scale  is  removed  by  the  use  of  kerosene  and  other 
agents,  it  comes  off  in  small  pieces,  as  well  as^  large  ones,  and 
these  accumulate  in  the  blow  off  pipe. 


L 
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When  the  valve  is  open,  these  (in  the  ordinary  valve)  are  hurled  against 
"         "t  with  great  force  andgrind  the  surface  of  the  seat  and  valve  away, 
■■   '■"■    '  '  '    -  ■'  '■      '      '   ■  "       ■  '  ,nths 


rendering  it  difficult  to  maintain  a  tight  valve  tor  more  than  a  few  n". .  .    . 
without  repairs.    In  order  to  guard  against  this  grinding  action,  a  blow 
off  valve  should  be  so  constructed  that  the  valve  and  seat,  when  open, 
are  out  of  the  _path  of  the  escaping  water  and  impurities.    An  example  of 
such  construction  is  the  pl»g  cock ,  and  this  has  been  found  more  serviceable 
than  either  a  gate  valve  or  some  special  forms  of  blow  off  valve .    Some  of 
the  latter  provide  a  self-deaning  feature, 
while  closing,  while  in  others,  the  valve 
and  valve  seat  are  protected  while  open. 
The  most  desirable  valve  contains  a  com- 
bination of  these  features. 

If  angle  valves  be  used  they  should  be 
provided  with  a  removable  plug  to  permit 
running  a  rod  into  the  pipe  when  cleaning 
the  boUer  in  order  to  dean  the  pipe. 

Ques.  How  should  a  blow  off 
valve  be  connected  to  a  boiler? 

Ans.  A  gate  valve  shotdd  be 
placed  between  the  blow  off  valve 
and  boiler. 

Ones.    Why? 

Ans.  To  insure  a  tight  outlet 
and    to    provide     additional    means 

Pig  4  731.— Star  wedge  adjustment  blow-off  valve.  In  operation,  vihtH  dosing,  the  wedge 
Bipunds  the  split  piston,  which  is  accurately  fitted  to  the  cylindrical  chamber;  in  optning. 
the  first  movement  of  valve  spindle  releases  pressure  of  wedge  on  the  piston,  and  tnen 


of  shutting  off  the  cotinection  in  case  anything  happen  to  the 
blow  off  valve. 

Oues.    How  should  a  blow  off  connection  be  made  on  a 
horizontal  return  tubular  boiler? 
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Ans,  The  boiler  shell  is  tapped  at  the  rear  end  for  the  blow 
off  pipe.  The  latter  should  preferably  be  run  straight  down  to 
below  the  floor  level  of  the  combustion  chamber  and  then  out, 
the  pipes  in  the  combustion  chamber  being  protected  from  the 
heat  by  some  insulating  material  as  tile,  brick,  etc. 

Water  Gauge  Cocks. — It  is  of  first  importance  that  those  in 


b1  md  the  working  parts  of  admiialtr  bronK 


charge  of  a  boiler  shall  know  with  certainty  the  height  of  the 
water  level  within  the  boiler,  and  the  principal  means  for  ascer- 
taining this  are  the  water  gauge  cocks. 


NOTE.— Bfau  off  cockt  hie  preferably  of  gun  meUl.  but  the) 
iron  with  or  without  guTi  metal  HningB  for  the  plugs  to  worli  in,  and  witn  gun  meiarpiuffe.    "loe 
guamctalniay  be  composed  of  88  parts  of  <»>pper.  lOof  tin,and2c£Einc.    The  taper  of  the  plus 
may  be  1  in  a  for  steam  proaiures  up  to  BO  pounds  per  square  inch:!  in  Sup  to  180  pounds  per 

bottom  and  a  stuffing  box  top.  Metallic  packing  is  the  best  for  blov  oS  cocks  for  boilers 
producing  itesm  of  very  high  pressure.  A  screw  should  be  fitwd  to  tiui  Wttom  c*  the  cock  to 
ease  the  plug  when  it  sticks  fast. — Hultott. 
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Usually  three  cocks  are  provided  (except  on  very  small 
boilers  which  sometimes  have  only  two),  the  upper  and  lower 
cock  being  placed  at  the  safe  high  and  low  water,  levels  respec- 
tively, and  the  third  cock  midway  between. 

To  ascertain  the  water  level  each  cock  is  opened  slightly  and 
the  presence  of  water,  or  steam  in  the  escaping  steam  tested  by 
its  appearance,  sound,  and 
feel  to  the  hand.  With  a 
little  experience  there  can 
be  no  mistake  made  in  de- 
termining the  water  level  by 
means  of  the  gauge  cocks. 

The  reason  the  valve  is  only- 
opened  slightly  is  because  a  full 
opening  tends  to  faise  the  water 
level,  thus  indicating  a  false 
level,  as  in  figs.  4,734  and  4,735. 

Gauge     cocks     may    be 
classed: 

1.    With  respect  to  the 
means  employed  for  closing, 


— Powell-rsgrindine  hloi 
dy  by  studs  C.  The  pa 
de  screw  nut  "    -■- 


,  , .  .J  adjusted  by  pusher  Eland  P,  which  is  operated  by 

C,  above  the  bridfie  of  yoke  A,     Theifaces  Dl  and  H,  fitting  tight, 
-  ^      s  plunger  D  is  milled  to  receive  the  cSlar  on 

the  Bteam  as  the  valve  19  opened,  causa  it  to  revolve  as  'it  neara  the  seat  when  closing      This 

K'  es  the  disc  a  grinding  motion  and  keeps  both  disc  and  seat  clear  of  scale  and  sediment, 
e  seal  ring  F  is  eitended  downward  to  protect  it  from  the  cutting  effect  of  the  rushing  water 
and  steam  as  the  valve  is  opened.  To  this  plunger  is  attached  disc  E.  secured  by  nut_S. 
By  removing  plug  K,  t 
rvgtirtd,  insert  a  plug  ( 
forth  with  tine  brickdusi 
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2.  With  respect  to  mechanical  features, 


d.  Spring. 

e.  Combined  spring  and  diaphiag™- 
/.  Self-grinding  (rotating). 

g.  Double  seat. 

Compression  cocks  are  those  in  whidi  the  force  employed  to 
close  them  is  opposite  in  direction  to  the  steam  pressure . 


coed  wide,  the  water  in  lifted 
cieht  above  the  crown  oheet, 
may  be  dangerously  low. 


Fig.  4,736  shows  an  ordinary  screw  compression  cock  with  a  flat  seat, 
and  fig.  4,737,  one  with  a  taper  screw.  TTie  screw  forms  a  positive  and 
satisfactoiy  method  of  closii^  the  valve  and  is  well  adapted  to  high  steam 
pressure. 
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■tNG  BOX 


communication  with  the 
boiler,  the  water  level  in  the 
glass  will  be  approximately* 
the  same  as  that  in  the  boiler. 


The  glass  is  protected  by  two 
i  or  more  guard  rods  running  par- 

allel to  It.    In  order  to  clean, 
RODS  repack  or  renew  the  glass  the 

valves  may  be  closed,  shutting  off 
uication  with  the  boiler.  A  cock  is  provided  on  the 


36. — Atttconatie  and  chain  canta«I  offaet  c^indncal  water 
In  opurailon,  Bhoold  the  giaaa  break,  the  balli  ue  bknm 
t  their  seats,  thus  closins  the  outlets.  Should  the  balls  not 
'  not  pioperiy  seat,  the  escape  may  be  quicldy-fihutnffhvtiw. 
jloamg  valves,  both  of  which  are  operated  in 


"E"      ST" 

ECTION     skSB  and  if  connections  ba  clear,  will  quickh- 


*  NOTE. — If  an  applicaat  for  an  engjneer's  Ucenii 

be  asfced  the  "catch     question:  Doa  tkivaiir  Mafi 

cE-r  [•  (-•  Aeiui*  DA)  I.       iiuliciiti  Iht  Irum  lad  of  Oil  wattr  in  Iht  boiltr!   bi 

OtLI-  CLOSING  BALL       ,,,j,^   ,n„^  ^_    The  reason  is  explained  Jo  fig 

Imam  and 

ifl  passages  in  tbe  ffau^  fittings  are  perfectly  dean.  The  frequency  oil  blowinv 
jt  depends  on  the  workine  conditions  o(  theplsat.  Thus  the  more  foul  the  feed 
ater  and  suifacea  in  the  boaer.  the  oftener  mu£t  the  coliunn  and  fflasa  be  blown 

Yput:  this  may  b«  thiee  for  our  times  a  day  in  one  plant  and  only  once  a  day 
NOTB.-^Sa{«(fon  of  glatt  aattr  gauat.     The  principal  consderatian  in 

passases,  and  to  select  one  Uiat  wul  pernut  the  insertion  c^  a  ne^  ^lass  without  cratnpins 
It  sidewise  and  running  the  risk  of  breakage.  The  size  of  the  glass  and  the  length  between 
fittings  depend  upon  the  height  above  thetloor.   Where  water  coEumns  are  comparatively  low, 

eW  or  H  inch  glass  are  conunonly  used,  but  for  vertical  water  tube  boilers  where  the  water 
lis  is  from  13  to  IS  feet  above  the  floor  ^j  and  ^  inch  gUsses  are  preferable .  Thediatance 
tweenfittinHSiSBavemedtoBconsiderablaeiitenttythe  type  of  boiler,  since  the  latterusually 
determines  the  Umits  of  rise  and  fall  of  water  level.  In  honsonUI  tubular  and  water  tube 
boilers  the  permissible  variation  of  water  level  is  rather  small. 

NOTE,— In  locating  the  water  column  in  a  locomotive  boiler,  put  an  end  of  a  slick  apainat 
the  crown  sheet  and  mail  the  top  of  the  fire  door  on  the  stick,  which  should  be  held  vertically, 
and  at  the  middle  of  the  door,  especially  if  the  door  be  oval.  Withdraw  the  stick  and  transfer 
the  distance  between  the  top  of  the  door  and  crown  sheet  to  the  endoi  the  boiler.  Prom  this 
point  measure  vertically  upward  at  least  2  ins.  Mm  the  thickness  of  the  crown  sheet.  Place 
a  carpenter's  level  at  this  point  and  draw  a  horisontal  line  on  the  end  of  the  boiler.  This  line 
locates  the  level  of  the  hok:  for  the  lowest  gauge  cock, 

NOTE.— IfaCer  column*  should  be  connected  up  with  pipes  having  tees  and  crosses  at 
theb^dsinstcadofelbowsso  that  by  removing  plugs  from  the  tees  and  crosses,  the  entire  pipe 
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s^^ftHg^^mpfH^ 


iflaififiipfH"  pattern. 


.7S8,  —  ComprsMton 

Bhort  Gbank,  weishted 
jr'^ball"  pattem- 


.,,  _.  ,-.  _,.  —  __^-_^-..ier  fielf-srindins  lEauffB  coda,  Pib.  4.741  short  shank  with 
r;  fig  4,742,  lung  shank  with  lever; fig.  4,743. looBBhankwithijut  Isser.  fn  operation, 
nucQ  the  lever  la  moved  to  ooea  sosition,  the  proiecSon  X  IM.  4,741)  presses  agaSnsC  the 
loose  piece  A,  nhich  for<:es  back  the  stem  E.  and  <inw«ts  the  disc,  allowing  stfaita  or  water 
to  pHsBout  of  the  noEzle.  The  guide  next  the  disc  bprovided  with  spiral  grooves,  so  that  the 
water  or  ateam  in  passing  through  these. spirals  will  Impart  a  rotary  motion  to  the  stem  E, 
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I)rovided  in  the  improved  form  fig. 
4,741.  The  latter  is  provided  with 
an  arm  to  which  is  attached  a  chain 
enabling  the  attendant  to  operate 
the  cock  by  pulling  the  chain. 

Pigs.  4,737  and  4,738  show 
two  f  onns  of  pressure  oxdis  with 
spring. 

The  main  fOTce  acting  to  keep  the 
cock  closed  is  the  steam  pressure, 
the  spring  seen  in  the  sectional  view 
b«ng  simply  to  counteract  the 
opening  force  due  to  the  weight  of 
the  lever  and  chain.  Both  cocks 
are  knonn  as  Mississippi  cocks 
because  they  are  largely  used  in 
Western  river  practice,  and  are 
virtually  the  same  except  that  one 
has  a  push  button  and  the  other  a 

An  unusual  type  is  shown  in  figs. 
4,739  and  4,740  in  which  a  dia- 
phragm is  employed  to  prevent  leak- 
age about  the  stem.  However,  the 
author  regards  this  as  a  useless 
oomplication. 

Three  self -grinding  cocks  are  shown 
in  figs.  4,741  to  4,743.  The  spiral 
slots  cut  into  the  valve  discs,  cause 
the  valve  to  revolve  when  open  and, 
as  claimed,  grind  the  seat  a  little  in 
closing.  It  is  doubtful  if  the  mo- 
mentum thus  generated  can  have 
much  grinding  effect ,  but  even  the 
reseating  of  the  vaJve  in  a  different 
position  each  time  would  prove 
beneficial    in   maintaining   a    tight 
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The  screw  compression  cock  shown  mfigs.  4,748  and  4,749  has  a  double 
seat,  one  of  whidi  seats  aeainst  the  pressure  when  cock  is  closed,  and  the 
other  against  the  screw  when  cock  is  opened  to  prevent  leakage  of  steam 
around  spindle.  This  is  an  admirable  feature,  but  the  author  objects  to 
the  crank  handle  in  place  of  a  hand  wheel,  r^ardless  of  Naval  or  foreign 
practice  for  the  reason  illustrated  in  figS.  4,750  and  4,751. 


HftHO  WHEEL 


,751.— Why  the  author  objecta.to 
ually  KTeifCd  without  judgement. 


applied  to  a  crank  as  in  fe.  4,7.'i0,  eince  it  is  uj 
by  the  threada  at  diagonally  opposite  points - 
from  this  abuse,  aa  soon  aa  the  crank  beEins  to 
tenda  to  dig  into  the  seat  at  L.  and  to  leave 
The  unequal  grinding  effect  tends  lo  cause  a  I 


r'"«Ci 


Water  Gauge. — This  should  be  regarded  as  a  secondary 
means  of  ascertaining  the  water  level,  although  most  engineers 
acquire  the  bad  habit  of  relying  on  it  almost  entirely.  The  water 
gauge  consists  of  a  strong  glass  tube,  long  enough  to  cover  the 
.safe  range  of  water  level,  and  having  the  ends  coimected  to  the 
boiler  interior  by  fittings.     As  both  ends  of  the  tube  are  in 
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'h  water  gawe  elasa,    Usua 
mlOtoaiiu.Tolen8tb. 


Fic.  4,750.— Potent  gs 


IS  Che  stuffing  box  lucking  to  nuke 


Jt  ItprocldL 

™  anS  tfimmiriHS  removed  for  .. 

, Ordinarily,  valve  D.  is  screwed  bsck  to  a  ioint  against  plug  C,  thus 

sing  with  a  stuffioK-boi,     PiugC,  is  placed  dire''       --      -    -■     ■     ■ 


nng  A.     By  mear 

charge  througl'  *^ 
the  stent,  and 


trouble,  and  is  held  betwi 

g  in  the  nazile  B ,  i»  sufficiently  lai^ 


the  packing  w, 


.— Lunkenheimer  fusible  plug 
_achei  down  to  the  low  water  ] 
In  operation,  when  the  wab 


while  Che  other  has  a  valve  and  f  us: 


.  .   _  .    1  of  the  tube, 

it  drains  the  water  out  of  the  same,  and  permits  steam  to  enter,  which  melts  the  fusible  metal, 
and,  with  a  loud  report,  the  steam  hisaea  through  the  pipe,  and  thus  gives  notice  of  the 

opened,  ^d  the  alarm  15  again  imdy.    Each  alarm  is  supplied  with  several  fusible  discs, 
and  extra  ones  can  be  furnished  at  small  cost.    This  alarm  b  Chn^aded  ioi  H-mch  pipe  for 
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bottom  angle  valve  tc 
test  the  water  level  0 
lower  valve  in  freezing  weather. 

Water  gauges  nmy  be  classed: 
1.  With  respect  to  operation,  as: 

a.  Plain. 

b.  Automatic  (self  dosing). 

c.  Chain  control  (quick  closing). 


2.  With  respect  to  the  glass,  as: 


Fig.  4,752  shows  the  general  construction  of  a  gauge  containing 
all  the  improvements. 

The  author  objects  to  automatic  or  self-closing  gauges  except 
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in  caie  the  sUs  bnak  it  can 
be  shut  oSInHS  ths  Bow  by 
pnUuiE  doTQ  oa  tba  chain, 
thus    avtndinE  the    diScult 


IS    avoidinE  the    d 
latioD  oE  cloaiDB  a. 


'ics.  4,TflO  to  4,762, — Lunlcenlieimer  "Monitor"  aut 
water  mu^  and  details .  The  partmare:  A,  upper  h 
clua;  D,  fiid«  plug:  B,  lower  head  plug;  F.  drain  coiuj 
J.  guard:  K,  shut  ofE  baU;  L.  lower  valvB  stem;  M.eo 
R,  and  S,  chain  gear;  T,  gasket. 


itic  putleT  quick  clowns  cj^iadrical 
I;  B.lowerhead;  Cupper  dean  out 
ionj  G.paddns:  H.Eupplr  boicap; 
olpuUayi;  O,0aw;  P.ttuffingbcut; 
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ia  very  "mall  boiler  rooms,  as  on  small  steam  vessels,  where  the  breakage 
of  a  glass  might  cause  personal  injury,  because  the  balls  might  stick  and 
interfere  with  the  proper  operation  of  the  gauge  resulting  in  a  "dead"  glass. 
Shutting  off  a  plam  gauge  with  broken  glass  is  not  nearly  as  hazardous  a 
task  as  some  suppose,  especially  if  the  valves  be  opened  only  enoi^h  to 
permit  free  movement  of  the  water  column  instead  of  opened  wide  as  is 
usualiy  and  crrtyneously  done. 

Water  Column. — Frequently  the   gauge  cocks  and  water 


Fios.  4,7M  and  4,766. — Pow«U  sutomatk:  oSseC  cvItndricBl  water  gause.  and  top  sectional 
view  of  Hpper  fitting.  The  eutomatic  cut  off  balls  in  shanis  close  in  case  the  glass  break. 
Infis.  4.705,  after  gauge  is  in  pniCioa  on  boiler,  close  valve  N,  and  the  small  pin  on  the  end 
at  the  stem  in  passing  ttuoush  the  seat  will  push  ball  L  back  in  the  TEceas,  equaliiing  the 
presunand  the  valve  N.mtutthen  be  opened  wide.  Should  the  glara  break,  the  sudden  lush 
iH  Mcam  causes  the  b«U  to  seat,  thus  shutting  oS  further  escape. 

gai^e  are  connected  to  a  central  column,  the  assembly  being 
known  as  a  water  column.  On  a  well  designed  column  there  are 
nine  openings  as  shown  in  fig.  d,766. 
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An  improved  form  of  water  column  is  the  so  called  safety  or  alarm  column , 
as  shown  in  figs.  4,767  and  4,768,  having  an  automatic  whistle,  whidi  blows 
in  case  of  low  water  and  awakens  the  firemen  and  other  attendants  supposed 
to  be  on  duty.* 

Sometimes  water  columns  are  made  up  of  wrought  pipe  and  fittings,  as  is 


RQILER 
INECTION 

LAM   GAUGE 

WTER   SAUCE 


iTER  GAUGE 
IAIN 


water  tube  boilers. 
This  construction  forms 
a  light,  yet  substantial 
column. 

Steam    Gauge. — 

This  is  a  very  impor- 
tant fixture  and  one 
which  should  be 
tested  from  time  to 
time  to  ascertain  i£  it 
correctly  indicate  the 
steam  pressure. 

A  steam  gauge  in- 
dicates the  difference 
of  pressure  inside  and 
outside  the  boiler, 
that  is,  it  indicates 
the  gauge  pressure  as 
distinguished  from  the 
absolute  pressure. 

riou9  apemiifra  and  what  they  an 


For  instance,  if  the  hand  of  the  gai^  point  to  80  pounds  it  indicates 
that  the  pressure  inside  the  boiler  is  80  pounds  higher  than  that  outside, 
that  is  the  actual  or  absolute  pressure  within  the  boiler  is  94.7,  and  since 
the  pressure  outside  or  atmospheric  pressure  is  14,7,  then  the  pressure 
diSerence  or  gauge  pressure  is  94,7 — 14.7=80  pounds.     If  the  boiler 


•  NOTE.— 1 
Lta  might  foll< 


s,  beCBuse  the  firemeD  naturally  become 
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Ques.    How  does  a  steam  gauge  work? 

Ans.    A  steam  gauge  works  on  one  of  two  principles:  1,  the 
expansion  of  a  corrugated  diaphragm  when  pressure  is  applied, 


Pios.  4,767  and  *,76S.— Lunkenheimer  '■Vigilant"  B3tety  water  column  and  detail  of  whistle 
valve.  The  column  contains  a  float  C,  attached  to  the  rod  O,  which  operates  thmugh  a  hole 
in  the  valve  lever  E,  The  slip  J.  which  can  bo  placed  in  any  desired  position  in  the  rod  D, 
Etriliea  the  valve  lever  E.when  the  water  in  the^iler  reaches  the  high  limit.    In  fig.  i.-mS 

whistle.  ThesameresultisBCConiplishedwhentliewaterreachesthelowUmit.  As'hefloat 
falls,  the  knob  K,  on  the  rod  D.  forces  lever  £.  down,  which  opens  the  valve  allowing  steam 
to  blow  the  whistle.  As  shown,  E,  is  not  directly  connected  to  valve  L.  The  valve  casing  M , 
by  means  of  two  lugs  at  the  top  thereof,  is  pivotally  connected  to  the  lever.  Within  this 
qaaing  is  fitted  valve  L.  the  arrangement  insuring  pTOTier  contact  of  valve  with  its  seat. 
In  fig.  4.7SS,  H.  is  a  sediment  chamber  with  the  lower  end  lapiMd  to  received  pipe  to  blow  oirt 


and  2,  the  tendency  of  a  curved  tube  to  assume  a  straight  position 
when  under  pressure. 

Figs.  4,769  and  4,770  show  the  mechanicftl  details.    Fig.  4,769  represeats 


^ 
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Pigs.  4,780  and 


Fig,  4.T71. — Multiplying  meohsniim  of  a  bent  tube  steam  suuge,  showing  seio  position  in 
{ult  lines,  and  one  position  under  pressuie  in  dotCedllnes.  ^The  five  end.  A,  oftbe  tube  is 
connectcdbyalinktotheiaclfflrniat  E,  the  latter  btingpivoted  at  F,  as  shown.  Evidentlj- 
vhen  the  free  end  of  the  tube  moves  a  Ghort  distance,  as  from  A  to  B.  the  motion  of  the 

ttructlon.  by  making  EF  of  suilable  length,  any  degree  of  sensitiveness  may  be  obtained, 
thus  adapting  the  gauge  for  a  low  or  high  range  of  pressure.  The  hair  spring  which  is  con- 
nected with  the  pointer  shaft,  offeis  a  glieht  resistance  which  takes  up  the  lost  motion  in 
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a  section,  of  a  pair  o£  metal  plates  or  diaphragms,  A  A.  These  are  made 
with  circular  corrugations,  as  shown  in  section  and  also  by  the  shading. 
The  steam  enters  by  the  pipe,  c,  and  fills  the  chamber  between  the  metal 
plates  or  diaphragms.  The  corrugations  of  the  latter  give  them  sufficient 
elasticity,  so  that  when  the  pressure  is  exerted  between  them  they  will  be 
pressed  apart  by  the  steam.  If  they  were  flat,  it  is  evident  that  they  would 
not  yield,  or  only  to  a  very  slight  degree,  to  the  pressure  of  the  steam. 

Fig.  4,770  shows  the  bent  tube  construction. 


the  tendency  of  the  tube  to 

The  bent  tube  principle  is  now  almost  universally  used  in  steam  gauge 
construction.  Since  the  movement  of  the  free  end  of  the  tube  is  very  small , 
its  motion  is  mulliplied  by  means  of  a  segmental  rack  which  actuates  a 
small  pinion  on  a  pointer  shaft  as  shown  in  fig.  4,771. 

Ques.    How  can  the  accuracy  of  a  steam  gauge  be 
tested? 

Ans.     When  the  gauge  is  in  good  working  order,  the  index 
or  pointer  moves  easily  with  every  change  of  presstore  in  the 
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boiler,  and  if  the  steam  be  shut  off  from  the  gauge,  the  index 
should  always  go  back  to  0.  In  order  to  determine  the  accuracy 
of  its  indications,  however,  it  should  be  compared  with  a  test 
gauge,  or  if  a  greater  degree  of  accuracv  be  desired,  it  should  be 
tested  with  a  dead  weight  gauge  tester  such  as  shown  in  fig,  4,775. 


Pic.  4,774.  —Ashton  diad  wn'sW  pressure  ga-ugE  tester  for  pressures  up  to  500  pounds  per 

the  plunger  rod  whieh  supports  the  dead  wcigliCs  is  fojced  upwud ,  thus  traaamittinc  ^e 
pressure  to  tb«  gauge  to  be  tested. 

Ques.  Describe  an  ordinary  method  of  testing  a  steam 
gauge. 

Ans.  When  steam  is  at  some  point  not  over  half  the  working 
pressiu-e,  place  the  ball  on  the  safety  valve  at  the  point  where  it 
commences  to  blow  off  and  mark  this  point.     Move  the  ball 
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twice  as  far  from  the  fulcrum  as  this  mark,  and  it  shquld  blow  off 
at  twice  the  pressure  as  first  indicated  by  the  gauge. 

Ques.  What  precaution  is  taken  to  prevent  tlie  steam 
takii^  the  temper  out  of  the  discs  or  tubes  of  steam 
gauges^ 

Ans.  They  axe  put  on  with  a  turn  or  two  of  pipe  between 
the  boiler  and  the  gauge,  as  shown  in  figs.  4,775  to  4,777;   the 


in  becomes  filled  wi 


^n  for  Bteam  fiaiige.     Thepoclret  formed  b7 
ndedSHtEon  ^hich  protects  tne  Bprina  from  the 


bend  of  the  pipe  gradually  filling  with  condensed  steam,  which 
prevents  the  live  steam  touching  the  elastic  discs  or  tubes. 

Ques.  Describe  a  method  of  quickly  ruiuing  a  pteam 
gauge,  as  is  usually  done  by  those  in  chaise  of  contractors* 
outfits  and  other  makeshift  r^. 

Ans.  Any  gauge  will  be  ruined  by  disregarding  the  precaution 
given  in  the  preceding  question ,  especially  if  superheated  steam 
be  used. 
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Ques.    How  should  a  gauge  be  installed  ? 

Ans.  A  gauge  should  be  located  in  a  cool  place  and  secured 
to  some  substantial  object  where  it  will  be  free  from  vibration 
or  jar.  Before  connecting  a  gauge  the  goose  neck  should  be  filled 
with  water  to  protect  the  bent  tube  from  the  hot  steam. 


WATER 
INLET 


FIXED 
STEAM 
NOZZLE 


C0MBINIH(9 
TUBE 


OVERFLOW 


DELIVERY 
TUBE 


OVERFLOW 
CHECK 
VALVE 


MAIN 
CHECK 
VALVE 


Fig.  4.778. — ^Rudimentary  fixed  nozzle,  single  tube,  injector.  The  assembljr  of  a  steam 
nozzle,  combining  and  delivery  tubes  is  called  a  single  tube  injector,  as  distinguished  from  a 
double  injector  which  has  two  sets  of  nozzles  and  tubes,  one  for  lifting,  and  one  for  forcing. 

Injectors. — An  injector  is  an  instrument  for  forcing  water 
into  a  boiler  against  the  boiler  pressure  by  means  of  a  steam  jet. 

Principle  of  the  Injector, — ^An  injector  forces  water  into  the  boiler 
because  the  kinetic  energy  of  a  jet  of  steam  in  much  greater  than  that  of  a  jet 
ofwcUer  escaping  under  the  same  conditions. 

The  simplest  form  of  injector  is  shown  in  fig.  4,778,  in  which  the  details 
of  construction  are  omitted.    It  consists  of:  1 ,  a  steam  nozzle,  2,  combining 
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In  operation,  steam  from  the  boiler,  catering  the  steam  nozale,  passes 
throL^h  it,  through  the  space  between  steam  nozzlt  and  combinii^  tube, 
and  then  out  through  the  overflow.  This  produces  a  vacuum  which  draws 
in  the  water  through  the  water  inlet. 

The  incoming  cold  water  condenses  the  steam  in  traversing  the  combining 
tube  and  the  water  jet  thus  formed  is  driven  at  first  out  tl^ough  the  over- 
flow, but  as  the  velocity  of  the  water  jet  increases,  suflBdent  momentum  is 
obtained  to  overcome  the  boiler  pressure,  with  the  result  that  the  wa,ter 
enters  the  delivery  tube,  and  passes  by  the  matti  check  valve  into  the  boiler. 


il 


ibining  and 
pIVPOCIKH::  M072I  P 


Figs.  4,783  and  4,781,— lifting  and  non-lifting  noiiles.  In  fig.  4,783,  the  pnaaur 
«team  as  it  leaves  the  nozzle.  beinB  greater  than  that  of  the  atmosphere,  then  iano  t 
to  produce  a  vacuum  to  lift  the  water.  When  utpansicn  of  the  Eteam  takes  place  vH 
noszle  oa  in  fig.  4,784,  the  pressure  is  reduced  below  that  of  the  atmosphere,  thua  pi 
a  vacuum  anddrawins  in  tlie  water.  It  will  be  noted  that  in  double  tuba  injectots 
4,7S6) ,  the  lifting  ntailc  i»  made  dinrjifu,  and  the  foiciog  nozile  concfr  jinj. 


Injectors  may  be  classed  as: 

1.  Non-lifting. 

9     TJftJnff   /diverging nozzle 
J.  l>itting.  I  double  tube 

•NOTE. — The  arranHement  shown  in  fig.  4.778  is  called  a  *fng(a  tuba  injector  aa  dis- 

/NOTE.— In  the  accompanying  elementary  diagrams,  comtriint  or  non-lifii*t  noiales 
iTB  shown.  It  should  be  undeistood  that  fn  coitttr action,  the  nozzle  is  made  cotmrgini  or 
liivrpflj  according  aaitsfimctioniatDlift,  or  force  respectively  as  erplained  infiga.  4.^8  and 
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3.  Positive. 

4.  Automatic. 

5.  Adjustable  nozzle. 

6.  Exhaust. 

Ques.    What  is  the  difference  in  construction  between 
non-lifting  and  lifting  injectors? 

Ans.     In  order  that  aninjector  be  able  to  lift  its  water  supply, 
the  pressure  at  the  end  of  the  steam  nozzle  must  be  less  than  that 


LIFTING 

SIDE 


FORCING 

SIDE 


MAIN  CHECK 


OVERFLOW 


Fig.  4,785. — Rudimentary;  fixed  nozzle,  double  tube  injector.  In  this  type  the  lifting  tube 
lifts  the  water  to  the  injector,  and  the  forcing  tube  forces  the  water  into  the  boiler.  This 
type  is  adapted  to  high  lifts. 

of  the  atmosphere.    This  result  is  secured  by  using  a  diverging 
nozzle. 

The  non-lifting  injector  has  almost  become  obsolete.    Figs.  4,783  and 
4,784  show  non-lifting  (converging)  and  lifting  (diverging)  nozzles. 

Ques.    What  other  method  is  used  to  lift  the  water 
supply  and  adapt  the  injector  to  high  lifts? 

Ans.     By  providing  two  sets  of  nozzles  and  tubes  as  in  the 
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SO  called  double  tube  as  shown  in  fig.   4,785,  one  set  being 
employed  to  lift  the  water  and  the  other  to  force  it  into  the  boiler. 
Ques.    What  is  a  positive  injector? 

Ans.   One  with  a  hand  operated  overflow  valve,  as  in  fig.  4,799. 

'  '  5  operation  at  high  preasuio  by  stopping 

Wtiat   is  an   automatic 


Y 


?lG5.4.786to4,T95.—Pemberthy9ingletubeliiBdnoiileliftinEa"'<'matic injector.  Thaparit 
am  R.  steam  ieCi  S,  Buctioi.iet:T,  riogvalve;  Y,  delivery  jet;  O,  nlugi  V.  tail  p.pe;  X.coup- 
lin^  nut;  N.ov«flowhiiiges;P,overflowvalve;Z.  overflow  cap.  £n  operof  (on,  momentary 
penod  elapses  between  the  opening  of  injector  Bteam  va1\^  and  the  establisnment  of  the 
jet  o£  water  to  boiler.  During  this  interval  the  steam  and  water  must  not  be  allowed  to 
back  up  in  auction  line,  hence  a  series  of  eihaust  openings  are  provided  at  interval* 

"spWb,"  then  the  establishment  of  the  jeroE  water  begins  at  the  top  and  proceeds  _dowii- 


pluabackupand  into  the  upper  zone,  the  upper  lono  will  ag 
■d.  Therefore  the  ringvalve  is  used  to  preventauchan  o« 
:tion  is  developed  at  upper  spills, the  ring  T.  is  drawn  upw 

1  ring  valve  t"  is  to  the  i 


ig  T  the  injector  could  not  be.  Derated  on  the  lower  steim 


BS  a  whole.      Without  the  ring  T  the  injector  could  not  be.  operated  on  i 
Sotwawr  is  not°avorab"  for  ™w^^  w"s"ndafd°i™peraturBKr  local  I 
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Ans.  One  that  is  self-starting  after  its  operation  has  been 
stopped  by  an  interruption  of  its  water  supply. 

Ques.    Describe  the  automatic  feature. 

Ans,  It  comprises  two  check  valves,  which  when  seated 
close  progressively  the  combining  and  the  overflow  chambers 
to  the  atmosphere.* 

Ques.    What  is  a  double  tube  injector? 

DOUBLE  CONTPOl  LEVER 

FULCRUM 


I 


.'>' 

■* 


^O 


FULCRUM 


STEAM  VALVE 
OPEN 


-  -  ADJUSTABLE 
STEAM  N0221E 


Fig.  4,798.— Rudimentatv 
adiwtable  nozsle  single 


tube  injector »  A  type  suit- 
able for  a  wide  range  of 
steam  preasures. 

Fig.  4,799.— Rudimentary 
positive  fixed;nozzle  single 
tube  injector.  As  shown , 
one  lever  oper&tes  both 
the  steam  valve  and  over- 
flow valve,  opening  the 
steam  valve  and  closing 
the  overflow  valve  in  un- 
ison. This  device  en- 
ables the  ^  injector  to 
operate  at  high  pressures. 
An  ordinary  injector  can 
be  made  positive  by  plac- 
ing a  stop  cock  in  a  short  piece  of  pipe  screwing  into  the  overflow,  and  closing  the  cock 
after  injector  is  started.  It  should  be  noted  that  Buch  ^top  cock  arrangement  renders 
injector  non-automatic  while  the  stop  cock  is  closed, 

Ans.     It  is  virtually  two  injectors  combined  into  one,  the  first 
acting  to  lift  the  water,  and  the  second  to  force  it  into  the  boiler. 

Ques.    What  is  the  advantage  of  a  double  tube  injector  ? 


OVERFLOW 
VALVE 
SHUT 


*NOTE. — In  restarting,  steam  blowing  through  combining  tube  ejects  the  air  /causing 
combining  chamber  check  to  close  and  establishes  a  vacuum  whi<^  draws  up  the  water.  The 
jet  of , water  escapes  through  overflow  imtil  sufficient  pressure  is  obtained  to  lift  boiler  check. 
At  this  instant  tne  vacuum  created  in  overflow  chamber  causes  overflow  check  to  dose,  thus 
preventing  air  being  carried  by  the  jet  into  the  boiler. 
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1,800. — Metropolitan  aioale  tube  slidhiB  noizlo  lifting 
ti  S.  slidins  steam  nozzle;  V,  liftine  tube;  C  and  D.  o 
tiliary  chedc  valve;  P,  overflow  valve;  O,  Bteam  plug; 


niector.  TA«  pari ■ 
and  delivnv  tubes;  R. 
ai  valve  ana  stem;  N, 
;;  X.  overflow  cap;  E, 
ivided.  In  operation 
I  to  work  from  25  to  90 


g  tube  filed  nozzle,  liftijn  automatic  injector  with 
I  fiteam  nozzle;  b,  combinine  tube  ^Ik  /tap!  c,  de- 
nverflowvalvejj,  tailpipe;*,  tail  pipe  nutii.aenw 
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Ans.  It  is  desir- 
able for  installation 
where  the  injector 
must  lift  the  water  a 
considerable  distance. 


tuba  fixed  noizla 
tive  injector  and  < 
The  lower  tuba  is  for  liftinv 

the  water  to  the  injector,  and 
the  upper  tube  tor  Eorcing 
thewBter  in  tbo  boiler.     In- 

tioQ  of  the  operqtina  handle. 
To  itart.  the  left  handle  ii 
■    lowly:  the  quanldtr 


alwi 
rater  Eupply 


Pio.  4.803.  —  Koertmg 
double  tube  filed  nosle 
U£tiag  positive,  ad- 
Jutlable  tapaellM  in- 
jector as  connected  to  a 

.  locomotive.  To  Mart. 
open  with  handle;  to 
otc^.  close  with  handle. 


.    Wdle,    wh 


L 


BOILER  FIXTURES 


uiiectDT '  for    feediag    locomotive, 

sta  tionary  portable  and  marine  bonera.  Tostatttheoon-liftingiojeclor  (fia.4,80*)openwaler 

TBlve.thensteam  vfllve^and  move  plugB  ilowly  forward  with  tha  handle  J  until  water  ceases 


for  EcUpn  Injector  (fi.  *,805):  When  the  wat 
turning  It  to  the  right  asli 


"to  Btop  injector,  I 
(fia.  *, 805):  Whet _„ 

.,.,0  ■••"-"- right  as  tar  as  poaiible;  2,  turn  on  tlio  steam,  elQwly  at  first ,  until  the  wl™  , 
usuig  t^n  up,  shows  at  the  overflow;  3 .  open  tha  regulator  slowly  until  the  diicharee  from 
the  overflow  ceaaea.  Theinjectorifltbenat  work,  when  the  wat«r  reaches  the  proper  line 
1,  turn  ofi  MeBm;  3,  ckwe  the  ngulstor  always.  Otherwise  the  injector  will  cot  "lift" 
prc^wrly  when  started.  Where  the  water  mns  to  the  injector  after  onc«  legulatinB  for  the 
presnue,  it  is  only  necessary  to  turn  on  the  water^  and  then  the  steam.  To  remove  the 
m jector  bom  ita  sheQ.  screw  the  jam  nut  C,  up  against  the  main  out  D,  then,  keeinng  the 
jam  nut  tight  against  D;  nnicreir  the  latter,  which  will  loosen  the  injector  in  its  sbelt  so 
that  it  can  easily  bo  drawn  out.  Should  it  become  necessary  to  repack  the  injector  at  M 
be  cueful  to  put  the  packing  in  front  of  the  follower  T,  and  comprMi  with  the  latter. 
EXHAUST  STEAM 

Fios.4,806and«.fi07. 
I  — SchaeSer  &  Buden- 

\  beig   low   and   high 

a  piessun  «ihaue  1 

i  fleam   injector.    It 

'  is  worked  by  exhaust 

steam  only  up  to  75 
pounds  pressure  (fig. 
1,806).  and  a  little 


Bura  higher  than  75 
pounds  (fig.  4.807). 
The  boiler  steam  does 
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Ans.  It  should  be  provided  with  an  adjustable  nozzle  so  that 
the  water  passage  between  the  steam  nozzle  and'the  combining 
tube  can  be  varied  in  size  automatically,  or  by  hand  as  shown  in 
fig.  4,798. 

Fusib 

which  at 
It  consis 
and  bisi 
cast  iror 


Ftc.  4,808. — End  of  fire  box  bailer  slunring  fusible  plug  in  crown  sheet  in  th«  act  of  blowios. 

Although  the  alloy  be  kept  at  a  comparatively  low  temperature  by  the 
water  on  one  side,  the  fire  on  the  other  will  not  mdt  i  t .  But  when  the  water 
level  becomes  low  enough  to  leave  the  plug  uncovered,  the  core  of  alloy, 
having  a  low  melting  point,  is  expected  to  fuse,  thus  reheving  the  pressure 
in  the  boiler  and  extinguishing  the  fire. 


The  fusible  plug  should  be  made  of  such  shape  that  when  screwed  into 
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fixed.  A  ■_._..  _^ 
hold*  tbefUsible  dJse  in 
plaei.  The  upper  part 
of  thadiK  is  pnttected 
by  a  cDiqMr  tap  which 
is  intended  to  prevent 
the  water  coming  in 
contact  with  the  soft 
metal,  thus  meintainuiv 
its  noriaal  point  of 
fuaioo.  Plain  or  ordi- 
nary plugs  do  not  h&T« 
the  copper  cap  to  pri>- 
tect  the  fusible  disc. 


la  Jiilae— fwtWs  PlKft 

and  filled  fr 


RDLB  n.  20. — Funble  plusi  for  use  in  boQers  of  steam  vessels  under  the  jud 
tlie  Steamboat-lnEpection  Sovice  shall  lie  made  of  a  branze  easing  with  the  boi 

:e  than  one  thirty-se 


Fusible  plugs,  except  thou  wbich  are  herealUi  piovided  for,  shall  have  an  eitemal  diam- 
eter of  not  less  than  thnc-fourtbB  of  an  inch  pipe  tap,  and  the  fining  shall  be  st  least  one-half 
of  an  inch  in  diameter  at  the  smaller  end  and  shall  have  a  larger  diameter  at  the  opposite  end 
of  the 'plug:  Pnmded,  howtwr,  That  all  fusible  plugs  fitted  in  boLlen  carrying  a  steam  pressure 
eiceedmg  150  pounds  to  the  equare  inch  may  ce  reduced  at  the  smaller  end  of  the  nlling  to 


Bver7  bcriler  other  than  bcolers  of  the  water^ube  t] 
_.!_._  _i J ■^-■\  above  and  louited  as  follows: 


Upright  boilera  shall  be  fitted  witb  two  fusible  plugs  of  an  external  c 
than  torec^hths  of  an  inch  pipe  tap,  the  filling  to  be  at  least  one-fourth  of 
■t  the  smaller  end  and  shall  have  a  greater  diameter  at  the  opposite  end 
diall  be  located  ia  sepaiate  tubes  not  more  than  2  inches  below  the  (owe 


Externally  heated  cylindiieal  boilers,  with  flues,  shall  have  one  plug  in  the  top  of  the  upper 

le,  not  mon  tlian  4  feet  from  tbe  back  end  of  the  flue,  and  shall  also  have  a  plug  fitted  to  the 

■nell  of  the  boiler  immediately  bdow  the  fire  line  and  not  less  than  4  feet  from  the  front  end: 

Praiided,  houao.  That  when  the  flues  are  not  more  than  0  inches  in  diameter  fusible  plugs 

of  not  less  diameter  than  three-eighths  of  an  inch  pipe  tap  may  be  used  in  such  flues. 

Fire-box.  Scotch,  and  other  types  of  shell  boilers  not  specially  provided  for.  having  a  com- 
buitioa  chamber  commcn  to  all  furnaces,  shall  have  two  plugs  fitted  to  the  crown  sheet  of  the 
eombustioii  chamber  at  or  near  the  center  of  the  crown  sheet  and  not  more  than  12  inches 
apart.  Boiler?  fitted  with  separate  combustion  chambers  shall  be  fitted  with  a  fusible  plug  in 
the  center  of  the  crown  sheet  of  each  chamber. 

Boilera  of  types  not  herein  [irovided  for  shall  be  fitted  with  at  least  two  fusible  plugs  of 
each  dimensions  and  located  in  such  parts  of  the  boiler  as  will,  in  the  judgment  of  the  local 
inspecton,  best  meet  the  purposes  for  which  they  ore  intended. 

Fusible  plugs  Shalt  be  renewed  after  six  months  of  service,  and  the  inspector  of  boilers 
shall  assqre  himself  at  each  aimual  inspection  by  personal  examination  and  by  testing  the 
ends  of  the  filling  by  filing  to  determine  its  condition  that  the  plugs  are  in  good  and  serviceable 
condilian. 

Fusitde  plugs  shall  be  so  fitted  that  the  smaller  end  of  the  filling  is  exposed  to  the  fire  and 
shall  be  at  least  1  inch  higher  on  the  waterside  than  the  plate  or  fine  in  which  they  are  fitted. 

Notwithstanding  anything  which  may  be  contained  in  this  rule,  fusible  plugs  shall  be  so 
fitted  that  the  end  of  the  fiUing  on  the  water  end  of  the  plug  is  not  less  than  1  inch  above  the 
dangeroui  low-water  level. 
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the  crown  sheet  it  projects  one  Etnd  a  half  or  two  inches  above  the  plates, 
so  that  when  the  aUoy  melts  there  will  still  be  sufficient  depth  of  water 
over  the  exposed  plates  to  prevent  injury  from  heat .  The  core  is  often  made 
annular  with  a  copper  center.  This  gives  a  very  large  opening .  Sometinies 
the  cort!  is  covered  with  a  thin  copper  cap,  shown  in  fig.  4,809,  which  pro- 
tects the  alloy  from  contact  witn  the  water,  thus  preventing  chemical 
change  and  the  formation  of  scale. 

Ques.    Where  are  fusible  plugs  placed? 

Ans.  In  the  parts  exposed  to  great  heat,  as:  in  the  crown 
sheet  of  a  locomotive  fire  box;  in  the  lower  tube  sheet,  or  a  little 
above  the  crown  sheet,  in  one  of  the  tubes  of  a  vertical  boiler; 
in  the  backhead  of  a  cylindrical  tubular  boiler,  about   three 


>1ugs.    Pig,  4, SIO. inside  type;    fig.  4,Sll,o 
tetype.  ^'       ■  '^    ' " 

thtSere 


inches  above  the  top  row  of  tubes;    in  the  lower  portion  of  the 
upper  drtim  of  a  water  tube  boiler. 

Whistle. — ^All  marine,  locomotive  and  a  large  proportion  of 
stationary  boilers  are  fitted  with  whistles,  which  form  a  most 
effective  means  of  signalling. 

Whistles  may  be  classed  as: 

1.  Single  tone. 

2.  Multi-tone  (chime). 

3.  Variable  tone. 

a.  Siren. 

b.  Mocking  bird. 
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Fig.  4,813  shows  a  single  tone  whistle,  consisting  of  a  metallic  cylindrical 
bell  closed  at  the  top  and  open  at  the  bottom,  the  lower  edge  being  made 
thm  to  facilitate  vibration.  The  bell  should  be  of  sufficient  length  to  pre- 
vent breaking  up  the  notes  of  vibration.  The  pitch  of  the  tone  depends 
on  the  ratio  of  diameter  to  length.  When  this  ratio  is  large,  the  sound  is 
of  low  {Htch.    I-ow  pitch  whistles  are  generally  used  on  tug  boats, 

A  single  bell  chime  whistle  has  the 
inner  volume  of  the  bcU  throughout  its 
length  divided  into  two  or  more  seg- 
ments of  unequal  arc,  but  the  arc  length 
being  made  so  that  while  each  produces 
a  different  note,  the  notes  form  a 
musical  chord,  either  major,  minor,  or 
any  musical  combination  that  pleases 
the  designer. 

Instead  of  a  single  bell,  a  chime 
whistle  may  be  made  up  of  several 
whistles  of  different  sizes,  Uie  two  types 
being  shown  in  figs.  4,819  and  4,820. 

Foremergency  signalling  the  steam 
siren  is  used  which  gives  a  very  pierdng 
and  disagreeable  sound  that  can  be 
heard  at  great  distance.  The  con- 
struction employs  a,  stationary  and  re- 
volving disc.  If  the  stationary  disc  be 
pierced  with  small  holes  at  an  angle  to 
its  faces  and  is  placed  directly  in  front 
of  a  similar  disc,  free  to  rotate,  but 
having  the  boles  at  the  same  radial 
distance  from  the  disc  center  piercing  its 
surface  at  an  opposite  angle,  then  if 
steam  be  blown  through  the  stationary 
disc,  the  reaction  of  the  gas  on  the  walls 
of  the  holes  in  the  revolving  disc  will 
cause  the  disc  to  revolve. 


Pic.  iA\3.—Sin8Ui  toru  whistle.     The  eupply  of  steam  is  regulated  by  the  valve  1 

tSe  stemP,  through  lever  E .  by  means  of  a  chain  or  wire  attached  to  the  lever  at 

M ,  directly  BHainst  the  edge  of  the  whistle  beU  A ,  in  which  the  vibrations  necessary 
duce  the  sound  are  produced.  The  bell  is  held  in  place  by  the  threaded  rod  B.  a 
nut  N.      Theleverpivot  J,  is  secured  by  nut  H.    By  removing  cap  K,  the  valve 
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fig.  4.820,  muld-beU  chu 
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SINGLE,  BELL  WHISTLES 


Figs.  4,821  to  4328.— M  _      _     

short  bell;  fig.  iM2.  medium  bell;  fig.  4,823,  Imkb  bi 
««27.    ia,&s.i.S!IS,8lrmt>rMoektrig-i>lnfahi 


Ftc.  4,gSS. — IiunkenhdnwrBoslebellTi 
The  ben  is  attached  to  the  stesm  n. 


iablepitcH  or  Blidins  piston  "mocldn^bird"  wbiatle. 
aile  by  a  central  rod  end  JKinb  out.  The  piston 
rol  of  the  chein  which  is  ffuided  by  pulleys,  being 
m  chain  ia  releasee!  by  the  aprins  in  the  upper  part  t^ 
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hy  locating  the  two  discs  at  the  base  of  a  trumpet,  the  volume  of  the 
sound  becomes  vety  much  increased,  as  in  the  case  of  the  ordinary  megaphone. 
In  place  of  a  rotating  disc,  a  siren  effect  may  be  produced  in  an  ordinary 
whistle  whose  bell  is  fitted  with  a  movable  piston,  as  in  fig.  4,8M. 

An  important  part  of  a  whistle  is  the  valve.  Only  a  balanced 
valve  should  be  used,  especially  with  high  pressure  steam.  Fig. 
4,830  shows  one  constructio: 

Steam  or  Air  Required 

great  amount  of  steam  or  i 
large  size  whistles  is  not  fu 
people. 

In  quite  a  number  of  cases, 
to  accept  returned  whistles  of  1 
of  the  fact  that  the  boiler  or 
air  compressor  wasnotoflarge 
enough  capacity  to  supply  the 
necessary  volume.  Particu- 
larly is  this  true  when  the 
whistles  are  to  be  blown  by 
air.  By  referring  to  the  table 
below,  the  amount  of  free  or 
compressed  air  necessary  for 
various  size  whistles  can  be 
ascertained. 


Pk 


1.  4,830. — Lunkenheirn< 

D.normallrholdsrttoils. 

'alveA.    This  Bdmits  sle 

va™0  C.  pracircsllv*  a^ani 
wide.  When  lever  is  relea; 


iMjanced  whistle -valve.  Inoptrallon,  ateam  piessure  on  the  disc 
seat.  Asiight  pull  on  lever  X.  suffices  to  open  the  email  BuiJli&ry 
. —  •>— >iigh  the  opening  in  the  center  of  the  stem  of  vaive  C,  1« 
>pon  the  piston.  4Tie  area  of  which,  being  equal  to  that  of 
[td  with  only  a  slight  additional  pressure,  the  valve  opens 
spring  E,  closes  auiiliar/  valve  A.  and  the  main  valve  C, 
earn  entrapped  in  the  balancing  eipansion  chamber  tends 


Air  Required  to  Blow  Whistle 


Diameter  of  whi 

1 

H 

'A 

2 

an 

3 

3H 

4 

s 

6 

H 

•4 

H 

H 

1 

Ihi 

IH 

IH 

Cubic  ft.  of  ai 
per  second  a 
given  below. . 

required  ,|  Compressed 

.12 

.13 

.24 

.41 

.62 

1.1 

1.3 

1.7    2.1 

.^ Ipree 

.41 

.43 

.45 

.81 

1.8 

2.7 

fi.l 

0.8 

s.e 

13 

«0 

40 

40 

40 

50 

" 

JO 

eo 

flO 

70 
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CHAPTER  80 
AUXILIARY  APPARATUS 


In  addition  to  the  apparatus  described  in  the  last  chapter, 
there  are  numerous  other  devices  in  the  boiler  room  necessary 
to  the  proper  and  economical  operation  of  the  boiler.  These 
may  be  divided  into  three  groups,  as: 

1.  Combustion  apparatus. 

a.  Draught  gauges, 
ft.  Damper  regulations. 

c.  Pyrometers. 

d.  Tube  cleaners. 

2.  Feed  water  apparatus. 

a.  Tanks. 
6.  Strainers. 

c.  Oil  separators. 

d.  Feed  pumps. 

/.   Pump  governor. 

g.  Peed  water  regulators. 

h.  Water  flow  meters. 

*.   Feed  water  heaters. 

j.   Economizers. 

k.  Evaporators 

/.  Distillers. 

3.  Steam  apparatus. 

a.  Dry  pipes. 

b.  Separators. 

c.  Steam  loops. 

d.  Steam  traps. 

e.  Super-heaters. 

/•  Steam  flow  meters 
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1.  COMBUSTION 
APPARATUS 

Draught  Gauges. — The  draught  or  reduction  of  pressure  in 
the  combustion  passages  of  a  boiler  is  measured  by  the  height 
of  a  column  of  water  (or  equivalent),  which  this  difference  of 
pressure  will  support. 


BEFORE   CONNECTING 


le  eqiwl  distances,  uiu  the  teadins  of 


AFTER   CONNECTING 

o  befon  connecting  and  indicBtiOK  2 


Pig.  4,831  shows  a  simple  form  of  draught  ^auge  called  the  U-gauge  from 
its  shape.  It  consists  of  a  bent  glass  tube  with  adjustable  scale  and  filled 
to  the  zero  point  with  water. 

One  leg  is  open  to  the  atmosphere  and  the  other  connected  by  rubber 
tubing  and  an  non  pipe  to  the  inside  of  the  combustion  passage  at  a  point 
where  it  is  desired  to  determine  the  draught.    When  thus  connected,  as 
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in  fig.  4,832,  the  greater  pressure  of  the  atmosphere  pushes  the  water  down    . 
in  the  open  leg  and  up  in  the  oth^  until  the  difference  in  the  heights  of  the 
columns  in  the  glass  tube  corresponds  to  the  pressure  diSerence  between 
the  atmosphere  and  hot  gas«S  ia  the  combusboo  passage. 


Pio.  t,S33. — Inclined  tube  differential  draught  B>uKe.   Tha  lluld  used  ia  a  special  non-dryinc, 
non-ovaporatina,  oil  of  known  ipedfio  giavit/.    The  incline  and  diameter  of  the  tube  are  lo 

^oned  tliat  the  draught  may  be  read  direct  toons  hundredth  o£  an  mch  in  Wnn  ot 

water.    The  iadications  are  taken  on  onalegof  the  instnuaent  □nli',  and  tha  move- 


Pic.  4,334. — GlUsoo  incUned  tube  combination  differential  draught  sauge.  With  the  style  of 
cocki  and  cms  pipins,  the  fumaca  draught,  flue  dr^usht,  or  diilerential  between  furnace 
and  flue  is  independently  indicated  with  the  aiiu-le  tube.  The  furnace  pointers  are  the  first 
put  and  the  difienntial_pointer  the  second.  alTblack  except  the  high  differeDtial  which  ia 
■.   The  diffeientisl  oidfiaifly  BiviaB  a  wider  liquid  Diovement  than  the  f  

__r = . .., yjg^^  ■         ■ 

. Ontiie  diierentiai[ 

rdoDhr>      C"       " 
conniption  to  furnace.    For  di 

cock  u  closed  at  shown.    For ^.  .^ 

cock  is  open,  vent  in  1^  cock,  ilantinff  upward,  open  to  acoiuqtnBn)  wovu 
Teadings,  only  the  floe  cock  ia  opta.  Portable  attachments  aro  used  for 
readinas  or  differential  nadlogs  with  (uniaco,  "-""—•»-<  ="»■  •—  i-  -t'-- 


tirBt  hair,  tnuisposing  se 
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The  instrament  just  described  answers  the  purpose  for  occasimial  read- 
ings,  but  as  a  perroanent  fixture  as  for  use  in  properly  watching  the  draught 
a  more  reUable  gauge  is  necessary, 

Ques.    What  are  the  objections  to  the  U  gauge? 

Ans.     Since  the  gauge  must  be  open  to  the  atmosphere,  the 


piston  chamber  connected  by  a  ^  inch  pipe  with  any  iteom  plpo  cutying  full 
uuiLQL  yLizeaim  by  which  the  rej^ulHtcr  ii  governed,  and  should  be  iilaced  where  it  wifl  not 
feel  the  pulsation  of  the  engine  01  pump.  P,  the  water  motor  is  utilised  in  controlling  the 
damper,  mechanical  stoker,  or  forced  draught,  BeparsCely  or  combined  as  may  be  required. 
The  water  valve  I ,  regulates  the  supply  ot  water  used  in  motor  P.  The  stem  of  this  vslva 
IS  connected  with,  and  actuated  by,  the  scale  beam  H.  Any  attempt  o!  the  steam  to  rise 
above  the  pressure  set  for  wiH  raise  this  beasi,  admitting  water  to  the  motor,  lifttna  the 
weights,  partially  oloting  the  d»mper.  Any  attempt  o£  the  steam  to  fall  is  followed  by  a 
correspondin;  fall  of  the  scale  beam,  cloun^  the  inlet  valve  to  motor  P,  and  openinc  the 
outlet,  lowenng  the  weights  and  opening  or  partially  opening  the  damper,  etc.  E,  ia  k 
lever  which  by  means  of  a  chain  attai^iedta  motor  P.  operates  a  cam  by  which  valve  I,  i« 
moved,  dosing  the  same  and  cheeking  the  movement  of  motor  P  and  damper  H.  thtnby 
preventing  it  going  fully  open  or  dosed,  and  yet  keeping  it  in  jutt  the  place  to  "■■"■*b'i 
even  steam  prasun.  The  receiver  or  mod  drive  D.  is  used  to  permit  any  •edimcut 
which  may  be  m  the  water  to  settle.  The  water  snppUed  to  motor  P,  ihonld  never  be  of  k 
high  temperature,  and  the  cooler  the  better,  and  may  be  taken  from  any  pqw  convenient, 
carrying  not  less  than  Ifi  lbs,  pressure-  Motor  Pis  proportioned  to  suit  the  water  pressure. 
Condensed  water  may  be  taken  fiom  the  bottom  ot  a  steam  pipe;  a  coil  sbould  e  used  for  this 
purpose.  A  graduated  wale  bean  M,  by  which  the  machme  can  be  set  quickly  and  accu' 
mtely  to  any  desired  pressure,  will  be  found  a  reliable  and  positive  test  for  the  gauges. 
Piston  of  motor  P  control  damper  H  through  chain  and  pulley  tmnsmisaion,  v^ken  acted  upon 
bywater.     Chamber  A  contains  no  diapbiagni,  a  rubber  piston  paddng  beingused. 
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evaporation  of  the  water  renders 
the  readings  unreHable,  moreover, 
the  vertical  coliamn  gives  a  scale 
too  short  for  accxirate  readings. 

How   Is  a   more    extended    scale 

y  inclining  the  tube  as  in  fig.  4,833. 

•  Regulation. — For  efficient  com- 
is  necessary  to  regulate  the  draught 
jm  just  enough  fuel  to  generate  the 
'.  steam  required.  The  subject  has 
ed    at    some  length    under    forced 

re  ntimerous  forms  of  apparatus  de- 
;ffect  automatic  opening  and  closing 
ipers  and  they  may  be  divided  into 
;s,  according  as  they  are  operated  by: 
r  pressure. 


)mpanying  illustrations  give  examples 
I  approved  forms  of  the  three  classes. 


Fic.  4.830. — Tilden  ■(eom  damper  reculator.    /(  conaltti  ol  a  bnss  cylinder  in  whicli  is  a 

eton  connected  to  a  spring,  which  balances  the  steam  pressure.     Condensed  steam  from  the 
ler  Ls  admitted  under  the  piston,  and  being  pure  water^  contains  nothing  that  will  cOTit>de 
theparts  and  nogritorimpuritieatocause  the  piston  tostick.     Since  the  spring  isin  Bsepa- 

rod  so  tbat  the  damper  is  opened  or  closed  in  proportion  to  the  change  in  pressure.  Connec- 
tion is  made  direct,  as  shown  in  the  illustration  where  this  is  possible,  but  if  not,  a  rocker 
rfuTt  made  of  Ji-inch  p^ing  may  bo  used  to  tranwnit  the  motion. 
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Pyrometers. — For  taking  temperatures  above  the  range  of 
the  ordinary  mercury  thermometer,  as  for  instance,  high  tem- 
peratures of  the  furnace,  a  special  form  of  thermometer  called 
the  pyrometer  is  used,  of  which  there  are  many  types. 

A  coramon  method  of  determining  temperatures  higher  than 
1 ,000  degrees  is  by  em- 
ploying a  number  of 
fusible  alloys  placed  in 
crucibles  which  are  en- 
closed in  a  porcelain 
oven  and  subjected  to 
the  heat  of  the  furnace 
whose  temperature  is 
desired. 

All  alloys  whose  melt- 
ing point  is  below  the 
temperature  of  the  fur- 
nace become  liquids  and 
by  this  means,  with  the 
proper  selection  of 
metals,  it  is  possible  to 
determine ,  wi  thin  reason  - 
able  hmits,  the  temper- 
ature maintained  in  the 
furnace,  as  metals  or 
alloys  can  be  secured 
whose  melting  points  are 
not  far  apart. 

The  water  pyrometer 
is  another  apparatus 
for    determining    high 

temperatures. 

Plc.  4337. — McDonough  eleclrie  damper  regulator.    In  coTutructlon,  there  are  two 
pieces  in  the  casing  of  the  steam  gauge  (seen  at  the  top  of  the  cut),  which  are  ecrewed  in  w 


3iS 
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This  consists  of  a  block  of  iron  or  other  metal  of  known  weight  which  is 
subjected  to  the  heat  of  the  furnace  for  a  sufficient  time  to  be  raised  to  the 
temperature  of  the  gases,  and  is  then  dropped  into  a  vessel  containing  a 
Imown  quantity  of  water,  the  temperature  of  which  is  detemuned  before 
and  after  the  heated  metal  has  been  dropped  into  it. 

Air  pyrometers  are  of  two  classes;  one  maintains  a  constant 
volume  with  a  varying  pressure,  and  the  other  a  constant 
pressure  with  a  varying  volume. 


The  air  is  contained  in  a  porcelain  bulb  of  known  volume,  and  the  con- 
necting tubes  to  the  indicating  scales  are  made  of  very  small  diameter  and 

Electrical  pyrometers  are  either  of  the  thermo-couple  type  or 
depend  upon  change  in  conductivity  of  some  metal  wire. 


■the  water  plus  the  water  equivalent  of  the  cup;  divide  this  product  by  the  weight  ol  ..._  ... 
block  times  its  meeifie  heat;  to  the  quotient  I3  added  the  hurtiert  temperature  reached  by  tl 

obtamed  by  multiplying  its  weight  by  the  specific  heat  ol  the  metal  of  which  it  is  made. 


2,734  AUKiUARY  APPARATUS 


> 


€ 


■mO'Couiile  pyrometer  ar 

, — ,  _„.  -, , ,.Bin  asbeatoa  lining;  fig. ^ ^.^  .^. 

4,842,  couple  inBerted  in  fuinace.   Tha  pr/neipio  upon  which  this  instrument  worfa  IS  that 


Ht  f4  tUdricity  by  htatint  tvo  diuintitar  mtlais. 
«m  luua  HIE  ncjuEu  Bt  ooe  find,  being  auitably  ir — ^-*—'  ^ —  ^ —  —  - 
Lava  is  mod  for  tempemtuns  above  l,0Oa°F. 


f  insulated  by  lava  01 
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The  indicating  devices  used  with  electrical  pyrometers  are  in  fact  nili- 
voltmeters  which  are  calibrated  to  read  the  d^ree  of  heat  instead  of  the 
voltage  of  the  couple. 

Tube  Blowers. — No  matter  how  much  care  be  exercised  to 
secure  perfect  combustion,  there  is  always  more  or  less  soot 
deposited  on  the  tube  surface,  and  since  soot  is  a  very  excellent 
insulator,  the  eificiency  of  the  boiler  decreases  as  the  soot  accu- 
mulates. Mweover,  a  line  ash  will  also  gradtially  collect  on  the 
tube  surface.     The  tubes  are  cleaned  by  means  of  tube  blower, 


;.  4343.— GoodfeUow  tube  blower.  Ths  adjustab 
izea  of  bailer  tub«s.  Its  adjustable  steam  noule  del 
ravel,  drawjiiff  in  hot  air  between  the  flAngea.  cm 
hrough  and  out  of  the  tube.     The  adjustable  hand 


.t  tbs  steam  hose  may  be  attached  at  the  middle 


1.  Portable,  single  jet. 

a.  Blower. 

b.  Ejector. 

2.  Fixed. 
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Figs.  4,843  to  4,846  show  two  types  operated  by  hand,  the  first  bang  a 
blower  and  the  second  working  on  the  suction  principle. 

The  term  fixed  blowers  means  those  in  which  all  the  tubes  may  be  reached 
without  moving  the  apparatus,  either  by  1,  an  adjustable  nozzle  that  may- 
be pointed  at  any  tube  by  turning  a  control  wheel,  or  2,  by  multi-jete, 


op;  fig.  4.849,  eiilMBed  view  olcc 


F  Id.  4 .847 .— Thompsoi 
/niufnff.  after  conn. 

ejec2>r.th=npartiall: 
the  discharee  pointir 

first;  as  each  lube  is 
thereby  maintaining 

It  io  adviu 
chimney. . 


and  introduce  the  e 


to  the  smoks  head  with 
the  amolie  bead  is  iof- 


«  slightly  open 

dry  steam.    Afl 

Steam  boM  w 


1  keep  much  longer  i 
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vbose  combined  .action  reaches  all  the  tubes,    Fig.  4,S48  and  4,840  show 
the  two  types. 

Tanks. — ^A  supply  of  feed  water  must  be  carried  on  traction 


Pio.  4 .84B.— Monarch  tube  blower.    By  me»ns  of  the  control  himd  wheel ,  a 
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engines,  locomotives,  steam  boats,  etc.,  where  permanent  con- 
nection cannot  be  made  with  some  source  of  water  supply.  In 
such  cases  the  construction  and  size  of  the  tank  required  for  the 
feed  water  are  items  of  importance. 

The  construction  varies  greatly  according  to  conditions  of 
service  and  may  be  of  boiler  plate,  light  sheet  iron  galvanized, 
sheet  copper,  or  wood. 


FILLING 
PLUG 


TANK 
LrMBCRS 


lUTLET 


BAFFLES 


Pic.  4,850. — Copper  water  tank  of  steamer  Stornaway »  shaped  to  fit  in  space  xmder  boiler  and 
between  keelsons.  Made  of  sheet  copper  with  baiffles  to  prevent  distttrbance  of  water 
due  to  motion  of  boat.  Approximate  capacity S  cubic  feet  =7.<«  X8  =59.8  gallons; 
weight  of  water  »=«H  Xfl9.8  -498  lbs.    Approximate  size  of  top  of  tank  8  ft .  X  2  ft. 

In  marine  practice  tanks  are  frequently  made  of  irregtdar  shape 
to  conform  with  the  sides  of  the  vessel  and  it  is  a  favorite  problem 
with  examiners  to  ask  candidates  for  engineer's  license  to  figure 
the  capacity  of  tanks  and  coal  bunkers  of  such  irregular  shape . 
The  chief  item  is  to  find  the  area  of  the  irregular  side,  which  is 
then  multiplied  by  the  length  to  obtain  the  volume.    The  area  of 
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the  irregular  side  is  (when  a  planimeter  is  not  available),  usually 
found  by  Simpson's  rule.* 

In  marine  practice  for  small  wooden  boats  an  excellent  place  for  the 
feed  water  tank  is  between  the  keelsons  under  the  boiler,  as  this  gives  a  low 
center  of  gravity  and  the  water  is  heated  from  the  hot  ashes  in  the  ash  pan 
directly  above.  In  such  installations  if  the  tank  be  of  such  length  that  it 
cannot  be  removed  for  repairs  without  moving  the  boiler,  it  shoidd  be  built 
in  sections  with  suitable  connections. 


itchine  scale  and  other  foniBn  omlter.  In 
mwi.>««  •«.■»«>,  4vjf  i»mjdwu  ai«ui,  iku  LLiduc  up  o£  CABt  iron  body .  Bnd  of  open  hearth  stfcl 
badr  and  cover  foisupeiheaUd  steam.     Deagnedfara  norloDg  pressure  of  250  pounds. 

Copper  of  course  is  the  best  material  for  such  tanks,  and  several  baffle 
plates  should  be  provided  in  the  tank  to  prevent  undue  disturbance  of  the 
water  by  the  motion  of  the  boat . 

Example. — A  steam  lighter  has  a  200  horse  power  engine.  What  size 
feed  water  tank  should  be  provided  to  furnish  water  for  a  three-hour 

*tiOTE.—Stmpv>n'*  JtBle.— I.  Divide  the  lenoth  of  the  fiBure  into  any  sufficient  number  - 
3f  equal  parts;  i,  add  half  the  sum  of  the  two  end  ordumUs  to  the  sura  at  all  the  other  ordmates; 
t,  divide  by  the  number  of  epacea  (that  is.  one  less  than  the  number  of  ordinates).  to  obtain 
bhe  mean  ordinate,  and  multiply  this  by  the  length  to  obtain  the  area. 
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non-condensing  run  if  tbe  engine  require  40  pounds  of  steam  per  horse 
power  per  hour,  allowing  10  per  cent,  for  auxiliaries? 
Total  water  required  by  engine  in  three  hours; 

3X40X200  = .24,000  pounds 

Water  for  auxiliaries: 

10  per  cent,  of  24,000= 2,400  pounds 

Total  water  consumed  in  three  hours 26,400  pounds 

Capacity  of  tank-26,400-^8Hi  -3,208  gaUons 
Volume     "     '■    =26,400 -i-62.4=    423  cubic  feet 


IFiGS.  4,8S3  and  4,851,— Seliera  locomotive  feed  water  Etrainer.  /(  fcn»  standard  pipe  or 
coupling  nut  conncctiona,  and  't%  attached  to  the  end  □!  the  injector  suction  pipe.  fn  place 
ot  the  usual  wire  netting,  a  perforaled  strainer  plate  is  provided,  the  holes  being  small  enough 
to  give  adequate  protection.  The  dust  trap  is  large  enough  to  admit  considerable  aocumula- 
tioo  before  cleaning  is  required.  The  strainer  can  be  cleaned  in  a  few  minutes  without  break- 
ing the  pipe  or  hose  joint.  When  the  nuts  are  slackened ,  the  T  head  bolt  swings  upward  and 
the  cap  rotates  on  the  liied  stud  dear  of  the  opening,  so  that  the  straining  plate  can  be 
partially  removed.  The  ends  of  the  bolts  are  provided  with  split  pins  to  prevent  complete 
removal  of  the  attacitiilg  nuts  and  washers,  a-nd  their  possible  loss. 

Strainers. — There  are  numerous  uses  for  strainers  in  nearly 
all  power  plants.  Where  the  feed  water  is  dirty  they  are  quite 
necessary  to  prevent  trouble  with  the  feed  pump  and  especially 
with  injectors.    They  are  also  desirable  for  bilge  water  ejectors. 
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circulation  pumps  of  marine  condensers,  and  various  other 
devices,  to  protect  the  mechanism  from  dirt  or  other  foreign  mat- 
ter in  the  water. 

Wire  netting  of  fine  mesh  is  generally  used  to  catch  these  substances,  and 
to  prevent  choldng ,  it  is  important  that  the  amount  of  wire  netting  surface 
provided  be  considerably  greater  than  the  cross  section  of  the  pipe,  other- 
wise the  accumulation  o£  dirt  etc.,  around  the  wire  netting  will  soon  inter- 
fere with  the  free  flow  of  the  water. 


Oil  Separators. — The  condensate  from  condensers  and  returns. 


— Hayden  &  Derby  strainers,  tor  injectors  or  ej«ton.    Fig.  4,856' 

wn  fordesning.  Fig.  4,8)8,  flat  strainer,  a  type  suitable  for  vertical 
stance,  where  an  injector  receives  its  water  supply  fora  buTel  or  other 
It  legs  at  the  comers  which  znsuire  clearance  between  the  BtninBr  and 


from  steam  heating  and  drying  systems,  which  are  most  eco- 
nomically used  for  boiler  feed,  contain  an  accumulation  of  oil 
and  grease  from  the  main  engines  and  auxiharies. 

l"his  oil  and  grease,  if  carried  into  the  boiler  is  most  injurious,  affecting 
the  efficiency  and  the  safety .  For  oil  in  a  boiler  tends  to  form  a  film  over 
the  entire  inner  surface  and  is  the  most  effective  heat  insulating  medium 
known.  Accordingly  its  presence  in  the  boiler  tends  to  cause  overheating 
of  the  metal,  with  attendant  danger  of  bulging  and  bagging  of  tubes, 
leaky  joints,  etc. 

It  is  necessary  therefore  in  condensing  plants  where  the  condensate  is- 
used  for  feed  water,  to  provide  an  oil  separator  to  remove  the  oil  before  the- 


AUXILIARY  APPARATUS 


water  enters  the  boiler.  There  are  Dumerous  devices  for  accomplishing 
this,  and  according  to  the  principle  of  operation,  employed,  the  separation 
may  take  place: 

1.  Before  condensation,  by: 

a.  Centrifugal  force 
6.  Contact 


2.  After  condensation,  by: 


Figs.  4,857  and  4,858  show  the  two 
types  of  separators  which  remove  the 
oil  before  condensation,  and  which  are 
fully  explained  under  the  cuts. 


MULTIPLICITY  OF 


lo4,858.— ■ - 

■■       ■  '       ■  —7,  centrifugal  force  form;  fig.  4,868,  ■urrocs  ci 

„..  fig.  4.BS9.  pressure  filter.     In  fig.  4,657,  the  ej 

, fl  taden  nith  oil,  enters  tho  separator,  and  by  iii''-bi'>  nf  thp  hp 

direction  is  suddenly  lerersed  as   '  ■      ..     .     .    r      i  r 


perticlaof  oil  to  the  bottom  of  the  chamber.  In  fig.  4,S5S.  the  direc 
changed,bnt  by  interpoeing  a  number  of  plate*  with  narrow  passages 
into  B  number  cf  thia  lilnu  and  rubbing  against  the  plate  surface  a  wi 
'■'  '■      >il  from  the  steam.       Thiaactio    '    '  -    ■■ 


ae  plat- 


n  employing  the  contact  principle.     Fig.  4 
lOKd  vesselfiUed  with  excelsior  or  other  filte 


.he  steam  is  divided  up 
ini  actios  takes  place 
7  the  staggered  forma- 
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is  such  that  the  condensate  p 

filter  material  may  be  packe 

short  drcuiting  of  the  water.    This  is  permissible  because  tte  water  bi. 

under  pressure,  can  force  its  way  through  the  compact  filtermaterial,  and 

is  one  oE  the  distinguishing  featiares  between  a  filter  and  a  hot  well. 

Ques.    What  kinds  of  filtering  materials  are  used? 

Ans.     Animal  charcoal,   sand  gravel,  broken  pumice  stone, 
■md  fibrous  materials,  such  as  sponges,  bagging,  toweling,  etc. 

Of  the  first  mentioned,  animal  charcoal  is  the  best,  though  somewhat 
expensive.  It  may,  however,  be  removed  from  time  to  time,  waiied  in 
lye  water  and  replaced,  but  fibrous  materials,  as  sponges  or  bagging,  soon 


Hot  Wells. — Briefly,  a  hot  well  may  be  defined  as  a  combined 

after  condensation,  non-pressure  multi-compartment  filter  and 
receptacle  for  the  condensate,  en  route  from  the  air  pump  to  the 
feed  pump. 

By  non-pressure  is  meant  that  there  is  no  perceptible  pressure  drop  during 
theprocess  of  filtration,  the  hot  well,  in  fact,  being  open  to  the  atmosphere, 
as  dostinguished  from  a  clewed  pressure  filter. 

Since  pressure  is  not  employed  in  the  filtration  process,  the 


J 
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must  not  be 
laced  loosely 
tiat  the  water 
jugh  it. 

efficient  separa- 
;  travel  must  be 
er.  This  is  done 
veil  into  numer- 
iranged  so  that 
mately  upward 
jaaaing  progres- 
ii  compartment 
:;n)ent,  as  shown 
ii. 

ne  practice, 
feed  pump  is 
operated  by- 
Engine  (as  it 
,  the  capacity 
ip  is  a  little 


L 


arrangemeiit  b  created  at  tha  bottom  of  the  j 
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in  excess  of  the  combined  demand  of  engine  and  auxiliaries, 
otherwise  a  receding  water  level  in  the  boiler  would  not  respond 
to  the  pump  when  worked  full  capacity  with  "make  up"  open 
and  "by  pass."  closed. 

The  object  of  the  by  pass  connection  between  pump  and  hot  well  is  to 

Ercvent  air  being  pumped  into  the  boiler.  By  a  close  adjustment  of  the 
y  pass  valve  the  excess  water  taken  from  the  hot  well  is  returned,  which 
prevents  the  pump  emptying  the  last  compartment  o£  water. 


— Idsonda  pr«HUr«  lUttr  oil  mpaittor;  sactlonal  Tiewshowlnp  perforata!  spool  case 
terry  linen  uid  spacer,  valv«  for  clodn^  up  fiHer  spool  whftQ  latsed  and  lifting  handle. 
If  Ian.  the  f#ad  water  entan  the  inlet  Bide  of  the  filter  and  posses  up  thiough  the  bot- 

, ._.erpasfflngtnrouah  each  layer  of  the  cloth. 

n:  filtering  area  of  the  cloth  is  over  200  tunes  the  area  of  the  inlet, 
filtration  without  undue  pressure  drop.  In  canslruclion,  there 
one  may  be  cleaned  while  tho  other  is  working  thus  permittinp 


PiG.43B2.~r«(io 


..,   ^ _.      .  iischarge  of  water 

■eetly  into  th^  receiver.  This  spray  water  passes  with  the  oil  in 
air  pump,  from  which  it  is  dischaiged  into  waste  pipe  or  sewer.  The  volume  of  wate 
used  is  comparatively  small.  The  suction  tapping  i  the  bottom  of  the  receiver  is  nec« 
large  in  order  to  provide  an  unrestricted  areafor  the  dischaise  of  water  and  oil.  Inthi 
poeiiHlity  of  flooding  the  separator  is  avoided. 
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.g^  more  or  less  even  in  the 

■j^  best  managed  plant,  it  is 

3j  necessary  to  suppiyaddi- 

;S  W  tional    water    to    bring 

*S  bade  the  water  level  in 

"S  s  the  boiler  to  normal  and 

B  J  this  is  done  by  opening 

63  the  "make  up"  connec- 

^5  *'°"  from  tank  or  other 

tA  t  supply  and  closing   the 

'S  "bypass." 


Ques.  What 
trouble  Is  frequently 
experienced  with  hot 
wells  ? 

Ans.     Flooding. 

If  anything  h&ppen  to 
stop  the  action  of  the 
feed  pump,  the  condens- 
ate from  the  air  pump 
quickly  floods  the  hot 
well  and  for  this  reason 
it  is  desirable,  especiafly 
ia  marine  practice,  to 
provide  an  overSow  con- 
nection to  tank  to  avoid 
loss  of  condensate. 

Evidently  then,  the 
condition  of  the  last  com- 
partment is  an  index  of 
the  feed  pump's  per- 
fonnance,  and  this  com- 
partment should  prefer- 
ably be  of  proper  size  to 
give  quick  warning  of 
failure  of  thefeed  pump, 
especially  when  water 
tube  boilers  are  used. 
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Example. — ^A  25  horse  power  marine  engine  requires  20  pounds  of  steam 
per  horse  power  per  hour.  What  should  be  the  size  of  the  last  compartment 
of  the  hot  well  to  require  5  minutes  to  fill?  * 

TotaLsteam  or  feed  water  used  by  the  engine  in  five  minutes  is; 

25X20X-J:=42  1bs. 
60 

Capacity  =  42  -^  8  K  =        5  gallons 
Volimie    =  6X231  =  1,155  cubic  inches 

Feed  Pumps. — The  subject  of  direct  connected  boiler  feed 
pumps  (both  single  and  duplex),  has  been  treated  at  considerable 
length  in  Vol.  I  and  need  not  be  further  considered  here  except 
in  a  general  way.  All  pumps,  used  for  supplying  boilers  with 
feed  water  may  be  divided  into  two  general  classes. 

1.  Engine  driven. 

2.  Independent. 

Engine  Driven  Pumps. — The  term  "engine  driven''  here 
means  that  the  pump  is  driven  direct  by  the  main  engine,  and 
accordingly  has  the  advantage  of  the  superior  economy  of  the 
engine,  as  distinguished  from  an  independent  pimip  which  has 
its  own  power  unit  attached. 

In  considering  the  fact  that  it  requires  about  ten  times  as 
much  coal  to  drive  an  independent  pump  as  one  driven  by  an 
economical  engine,  there  is  no  room  for  argtunent  as  to  which 
is  the  more  desirable,  especially  in  marine  practice,  notwithstand- 
ing the  fact  that  a  large  portion  of  the  heat  supplied  to  the 
independent  pump  may  be  recovered  through  a  primary  or 
secondary  heater,  exhausting  into  receiver,  etc. 

A  reason  that  engine  driven  pumps  are  not  more  extensively  used  is 
because  the  high  speed  of  the  engine  and  necessarily  low  speed  of  the  pump 


*  NOTE. — ^The  calculation  does  not  take  into  account  the  change  in  density  of  the  water, 
because  of  its  temperature,  but  such  precision  is  not  necessary,  and  would  accordingly  be  a 
waste  of  time. 
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require  some  form  of  reduction  gear,  the  numerous  parts  of  which  are 
subject  to  wear.  Also,  if  the  pump  become  disabled,  the  main  engine  must 
be  diut  down  during  repairs. 

There  are  various  forms  of  transmission  between  the  engine 
and  pump,  as: 

1.  Direct  connection  to  cross  head.       3.  Reduction  gears.. 

2.  Walking  beam,  4.  Eccentric. 

5.  Scotch  yoke. 

These  various  drives  are  shown  in  figs.  4,865  to  4,869.  Sometimes  so 
called  "power"  piunps  are  used,  being  driven  by  belt  from  the  line  shaft.' 
This  is  an  excellent  method,  as  bv  selecting  pulleys  of  suitable  size,  the 
pump  may  be  driven  at  any  speed  desired.  This  form  of  transmission  is 
so  extensively  used  and  generally  understood  that  little  need  be  said. 

Belts  shotdd  be  run  at  from  3,000  to  5,000  feet  per  minute. 

The  proper  size  belt  is  obtained  from  the  following  simple  rule: 

A  single  belt  one  inch  wide,  traveling  1,000  feet  per  minute y  will  transmit 
one  horse  power;  a  double  belt  twice  this  amount. 

Example, — ^What  diameter  of  pltmger  is  required  for  a  single  acting 
pump  of  the  type  shown  in  fig.  4,865,  to  deliver  600  pounds  of  feed  water 
per  hour  to  the  boiler  when  operated  by  a  10  inch  stroke  engine  making 
200  r.p.m. 

600  lbs.  of  water  per  hour  =  600  t-  60  =  10  lbs.  per  minute. 

10  lbs.  of  water  =  231  X  (10  H-  SH)  =  277  cu.  ins.* 

The  pump  being  single  acting,  makes  one  delivery  stroke  per  revolution 
of  the  engine,  hence, 

displacement  per  delivery  stroke  =  277  -5-  200  =  1.385  cu.  ins. 

For  10-inch  stroke,  cross  sectional  area  of  plunger 

=  1.385  -^  10  =  .1385  sq.  ins. 

VT385 
-^ggj  ==  .42,  say  % 


*NOTE. — One  gallon  of  water  weighs  8H  pounds,  and  occupies  231  cubic  inches  at  62^ 
Fahr.  

tNOTE.--Ax«ft   of    circle  -  .7854Xdiam.*        diam.-V^^^ 

.7S54 


A 


MXIUARY  APPARATUS 


AUXILIARY  APPARATUS  2,751 

Independent  Pumps. — The  term  ^'independent*'  means  that 
the  pump  has  its  own  driving  power  attached,  forming  a  unit 
independent  of  the  main  engine. 

There  are  numerous  kinds  of  independent  pump  used  as  boiler 
feeders,  and  which  may  be  classed: 

1 .  With  respect  to  the  water  end,  as: 

a.  Reciprocating. 
h.  Rotating. 

2.  With  respect  to  the  steam  end,  as: 

a.  Direct  connected. 

6.  Fly  wheel{^^^^-- 

c.  Turbine. 

Reciprocating  Pumps. — ^The  first  and  worst  type  of  reciprocating 
pump  is  the  direct  connected  ^  althou^  it  is  the  one  almost  tmiversally  used 
ML  small  and  medium  size  plants.  These  pumps  are  said  to  require  about 
120  pounds  of  steam  per  horse  power  per  hour,  but  considering  the  average 
condition  as  to  leakage,  200  potmds  would  be  a  safer  figtu*e. 

When  these  pumps  are  used,  their  wastefulness  shotild  be  reduced  as 
much  as  possible  1,  by  employing  the  exhaust  to  heat  the  feed  water,  or  2, 
by  running  compound  in  combination  with  the  main  engine  that  is  exhaust- 
ing into  the  engme  receiver  when  the  latter  is  a  two  or  more  stage  expan- 
sion engine. 

Figs.  4,870  and  4,871  show  application  of  the  first  method  to  condensing 
and  non-condensing  plants,  and  figs.  4,872  and  4,873  the  second  method, 
with  receiver  and  condenser  exhaust,  being  virtually  compounding  arrange- 
ments. 

One  prominent  writer  says:  "As  the  power  required  for  pimiping  the 
feed  water  is  only  a  small  portion  of  the  entire  amoimt,  an  extremely  imeco- 
nomical  ptunp  does  not  represent  a  great  percentage  of  the  entire  fuel." 
This  tendency  among  engineers  to  disregard  small  losses  cannot  be  too  strongly 
condemned. 

Why  use  "an  extremely  uneconomical"  pump,  even  if  relative  power 
required  be  small? 

Example. — ^What  horse  power  is  required  to  pump  the  feed  water  for 
1,000  horse  power  plant  operating  at  full  load,  with  100  pounds  steam 
pressure,  and!^how  much  coal  is  required  per  hotir  to  drive  the  pump,  assum- 
ing the  pump  uses  200  pounds  of  steam  per  hour,  the  actual  steam  charge- 
able to  the  pump  being  say,  10  per  cent,  of  its  rate.  Mechanical  efficiency 
of  pump  50  per  cent.,  and  evaporation  7J^  to  1. 
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Foot  pounds  of  work  to  pump  the  water: 

-30,000X230-6,900,000  ft.  lbs.  per  hour. 

-6,900,000+60-115,000  ft.  lbs.  per  minute 

h™«™,       /at  waterend-116,000+33,000=3.46 
Horse  Power|atst«amend-3.M+50  per  cent.  -6.92 


n  used  by  pump  — 10  per  cent,  of  200  —  20  pounds  per  i.h.p.  per  hour 
20X6.92-138  pounds  per  hour  (total) 

er-30  pounds  of  water  at  100°Pahr..  sTspcratgd  per  hour 
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Coal  per  year  required  by  pump  = „  ^^^ 

which  with  coal  at  say  $5  per  ton  amounts  to: 
27^X5  =  »137.5 


Fig.  4,8Tfl.— De  LavBl  8-inch  thiH-Etass  untiifugal  boiler  feed  pump,  directly  connected  U 
"   "■ leturbine.    Suitable  for  feefing  boilers  of  25.000  hotse  power. 


class  C,  thiee  Etsse  tu 


L 


Assuming  the  same  10  per  cent,  basis  of  steam  chargeable  to  theptun^,  a 
fly  wheel  pump  of  the  type  shown  in  fig.  4,875,  expanding  the  steam  during 
the  latter  half  of  its  stroke  would  require  only  one-quarter  of  the  coal,  or 
still  better,  economy  could  be  obtained  by  employing  a  fly  wheel  pump  with 
a  riding  cut  o5  valve,  which  would  require  only  one-tenth  the  coal  used  by 
the  dim:t  connected  pump,  resulting  in  a  saving  of: 

137.50— 13.75-$123.75  per  year 

a.  sum  which  would  not  ordinarily  be  considered  in  selecting  the  type  of 
pump  to  install,  but  which  even  the  president  of  the  plant  would  stop  to 
pick  up  if  he  saw  it  lying  in  the  yard. 

In  the  planning  of  a  power  plant  such  sums  virtually  lie  in  every  comer, 
yet  most  of  us  do  not  see  them  because  we  are  slaves  to  the  Power  of  sugg4S- 
titm,  that  is,  we  follow  blindly  the  practice  of  others  wimout  using  our 
reasoning  powers  and  o 
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diMhsTge  piBSure  fly  wheel  pump  governor  and  detail 

of  rtBulatLoB  valve.  Cannect  receiver  water  pressure  from  a  point  where  the  water  will  be 
clean  to  union  valve  on  regulator  27fl .  tn  Harllna  pump,  regulate  the  Bovern^by  screwing 

screw  with  lock  nut.    Screw  up  legulaling  screw  h  (fig.  4,878^,  for  the  desired  maiimum 

1.    WhenmaiimumpressureisreachEd.  the  pressure  on  diaphragin  overcomea  counter  pres- 

18B.' Aplate^drinedirith^'^inch^D^econnMtsThebStt™"  ev^ 

A  variatioo  of  three  or  laur  pounds  in  receiver  pressure  will  bring  the  needle  valve  n  from 
its  closed  position  to  full  opening,  which  nill  brina  the  pressure  under  piston  44  from  at- 
mospheric pressure  to  60  above,  and  carry  piston  44  from  its  lowest  ,iosition  ta  its  highest, 
and  bring  the  pump  from  its  highest  speed  to  its  slowest  Giieed .    Any  fraction  oC  variation  of 

the  pump  is  maintained  at  the  slowest  constant  speed  which  will  furnish  the  required  supply. 
Wtifle  the  pressure  device  is  in  operation  there  will  be  a  waste  of  water  through  the  Ui  inch 

■ciew  23»  set  to  thittha  pu'iSp  wiU^'uIt  tum^r'wh"  n  maiimum  presaurela  ™"ched! '  On 
duplex  pumps  where  it  is  desired  to  bring  the  pump  to  a  stop  with  maiimum  pressure,  stop 
screw  23  may  be  screwed  down  so  that  it  will  not  strike  or  may  be  dispensed  with.   To  set  the 

this  rotlu'  on  tiety  lever  40  in  center  of  projection  on  throw-oa  39  and  lay  rider  pulley  on  top 
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Rotating  Pumps. — ^Turbine  driven  centrifugal  feed  pumps 
are  very  extensively  used,  especially  in  large  plants,  because  they 
are  continuous  in  action,  put  no  severe  strains  on  the  piping,  if 
the  feed  valves  were  all  shut  oflE  by  some  chance,  no  dangerous 
pressure  would  result,  less  attention  required,  and  saving  in 
maintenance.  The  pimip  is  from  two  to  five  stage,  depending 
on  the  boiler  pressure. 


5PRlNe 


DIAPHPAGM 

VALVE 


STEAM   ) 
FROM  BOILER 

*-STEAM 
TO  PUMP 


:-*-SUCTION  PIPE  CONNECTION 


WATER  END 


Pig.  4,S79. — ^Elementary  auction  pipe  pressure  governor,  or  automatic  atop*  In  con' 
airuction  the  parts  are  so  arranged  that  the  spring  opposes  the  vacuum  acting  on  the  dia- 
phragm; that  IS,  the  spring  acts  to  clc^e  the  throttle  valve,  and  the  diaphragm  (under  vacuum) 
to  open  the  valve.  In  operation,  as  long  as  a  vacuum  due  .to^  the  lift  is  maintained  in  the 
suction  pipe,  atmosphenc  jpressure  acting  on  the  diaphragm  will  overcome  the  force  due  to 
the  spring  and  the  valve  will  be  opened  to  some  point  at  which  the  two  forces  are  inequilib- 
riimi.  Evidently  the  higher  the  vacuum,  the  further  will  the  valve  be  opened.  Accordingly 
such  arrangement  tends  to  maintain  a  corutant  apeed  with  veiriable  lift,  but  not  for  variable 
pressure  in  the  discharge  pipe.  Should  the  water  supply  fail  and  the  vacuum  be  broken,  the 
pressures  on  both  sides  of  the  diaphragm  will  be  equalized  and  the  spring  will  close  the  valve 
thus  stopping  the  pump,  which  otherwise  would  race  and  perhaps  result  in  injury. 


The  steam  consumption  of  the  ttirbine  driven  pimip  is  about 
the  same  as  that  of  the  ordinary  slide  valve  engine.  Fig.  4,876 
shows  an  approved  form  of  turbine-driven  centrifugal  feed  pump. 
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Pump  Governors. — ^When  no  automatic  control  devices  are 
provided,  the  speed  at  which  a  feed  pump  runs  varies  with  the 
boiler  pressure,  sometimes  feeding  too  much  water,  and  at  other 
times,  not  enough.  To  correct  this  governors  are  provided. 
They  may  be  divided  into  two  general  classes: 

1.  Speed  regulators. 

2.  Pressure  regulators. 


DIAPHRAGM 


DISCHARGE  PIPE. 
"   CONNECTION 


PUMP 


STEAM 
FROM  BOILER 


STEAM 
TO  PUMP 


WATEJR  END 


9iG.  4,880. — ^Elementary  dUcharge  pij>e  pressure  governor.  In  eoiutruetion,  the  parts  are 
so  arranged  that  the  spring  opposes  the  discharge  pressure  acting  on  the  diaphragm;  that  is, 
the  spring  acts  to  open  the  valve »  and  the  diaphragm  {under  aischarge  pressure),  to  cJtome  the 
valve.  In  operation,  when  the  pump  is  started  and  before  pressure  is  produced  in  the  dis- 
charge pipe,  the  governor  valve  is  held  wide  open  by  the  spring,  until  the  discharge  pressure 
becomes  strong  enough  to  overcome  the  spring,  when  the  valve  throttles  the  steam  supply 
to  some  point  where  the  two  opposing  forces  are  in  equilibrium.  Evidently  the  amount  of 
throttle  opening  varies  inversely  with  the  pressure,  and  hence  such  arrangement  tends  to  maintain 
a  constant  pre»9ure  by  variable  gpeed  of  the  pump. 


One  type  of  speed  regulator  suitable  for  a  direct  connected  reciprocating 
pump  employs  a  small  oil  pump  to  actuate  the  mechanism  connected  to 
the  throttle  valve.  A  regulating  screw  serves  to  change  the  speed  of  the 
pump,  and  after  it  is  once  adjusted,  the  throttle  valve  is  automatically 
opened  and  closed  to  preserve  constant  speed. 

Fig.  4,881  shows  the  connections,  and  j&g.  4,882,  detail  of  the  governor. 
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id  detail  showing  nd  jurting  lo 


AUXIUARY  APPARATUS 


Pn).  4,SS3. — Locke  "beaU  all"  pump  govenior 
adapted  for  general  uae.  In  opmratktn,  Bt4ain 
under  presiuce  (iUs  ctaamber  B,  at  all  times, 
and  enten  opening!  at  O,  pas&iiiff  around  valve 
Bpindle  C,  and  down  oie  central  pasuiEe, 
creating  a  preasure  in  chamber  G,  and  under 
diaphragm  H;  this  raises  the  valve  from  its 
seat  and  allows  steam  to  pasa  to  the  pump» 
which,  when  it  has  created  a  pres^re  Acting 
through  pipe  S,  upon  dia^ihragm  L,)  Bumcient 


through  pipe  S,  upon  dia^ihragm 

fieat,  cutting  off  the  flow  of  steam  to  clmr 
G.  Afl  the  pressuTB  in  this  chamber  is  s 
reduced  by  the  escape  of  steam  thiough 


should  the  pressure  fall  slwhtl 
will  raise  and  open  valve  C,  a: 
is  repeated.    It  will  be  seen  tb 


overcome  the  presaure  which  is  net  at  an; 
desired  by  wheel  O.      The  eihauat  ir 


Ranged  by  turning  valve   qiindle  T,  U 


horizontally  in  unison  with  the  etroVes  of  the 
pump ,  being  con  nccled  th  rough  yolte  A*  li ,  roclier 
A- 12,  and  the  shaft  A- 13,  which  extends  through 

by  a  rod  to  some  reciprocating  part  of  ^e  punui , 
Oil  flows  through  check  valves  A-19  into  lie 
plunger  chamber,  whence  it  is  foiced  up  the 
passage  through  valve  A-ll  under  piston  A-9, 
Oil  then  returns  by  valve  A-2S  (wtuch  is  con- 
trolled by  key  A-2B)  into  the  lower  chamber  to  be 
re-pumped  aa  before.  In  case  the  pump  <ir  engine 
run  more  rapidly  than  is  intended ,  oil  is  pumped 
under  piston  A-fl  faster  than  it  can  pass  through 
the  outlet,  as  adjusted  by  A-28,  which  forces 
piston  A-»  upward,  raising  lever  A-3  with  its 
weight  A-30.  and  by  means  of  a  rod  connected 


^am  Euppiypipe  ld  the  pump,  the  steam  supply 
the  number  of  strokes  for  whi^  the  governor 


□au  ono  me  consequent  excess  openin 
the  piston  incident  to  duplex  pumps 


IS  mtended.  oil  runs  out  of  chamber  under  A-l 

A-aO  on  fever" ^■"3"to  forie'the  piston  down, 
thereby  opening  the  balanced  valve, adimtfew 

Aa  outlet  at  A-2S  can  bp  m™.iuu.d  or  dimimrf^ 
by  means  of  a  key,  the 
the  speed  of  the  pump 
also  tflls  with  oil  and  ac 
pot  A-20  is  adjustable  b: 

lex  pumps,  having  steam  euppl,  pipe,  fr 
fitted  with  a  special  valve,  which  pieven 
icess  opening  of  the  balanced  valve  dunng 


uy  means  of  akey,  the  operatuna  auie 
the  speed  of  the  pump  at  will.    Daahpi 

piston  A-0.    Dflshpot  A-20  is  adjustable  by  screw  A-35  byrt 
_,: 11 ^^.-^^.^^^^^  ^,  ^i-.^^  4k..  ad  jilting  sere 
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For  fly  wheel  pumps  an  ordinary  throttling  governor  may  be  used,  or  for 
better  economy  a  variable  cut  off  shaft  governor. 
Pressure  governors  may  be  divided  into  two  classes,  according 
as  their  operation  depends  on  the  pressure: 

■  1.  Inthesuctionpipe.or 
2.  In  thedischargepipe. 

Fig.  4,879  illustrates  the 
,  principle  of  a  suction  pi^ie 

pressure  governor,  which  is 
in  fact  strictly  speaking  an 
automatic  stop  to  prevent 
racing,  rather  than  a  gover- 
nor. Similarly  fig.  4,880 
illustrates  the  principle  of  a 
discharge  pipe    pressure 

fDvemor,     the     operation 
e  i  n  g    clearly    eKplained 
under  the  cut. 

Fics.  4.884  anri  4.S8G.— Mason    Inter- 
nal.   /nopcfa(;on^^t™mfromTipiler 

from  boiler,"  and  thence  through 
passBEe  X,  through  the  port,  which  is 

down  through  passage  N  to  under  side 
of  differential  p^toiTjO  and  raises  valve 
16  Bo  that  boiler  pressure  is  admitted 
to  the  pump  through  passage  marked 

the  pump,  ^hich  continues  in  motion 


auiiliary  valve  SO,  whichclosestiw port 
for  steam  pressure.  By  the  clodna  of 
this  valve,  the  boiler  pressure  is  shut 
off  through  passage  N.^omdiffermlda! 


mitted  to  the  pump.    Thapump  remains  inactive  until  the  water  P^ssure  in  ttis  system 

aJwiliMy  valU'Ki°to'op™  agatn  and  ?tart  the  pump  as^Wore'  described"'  Cheqlt  valve^Tl, 
whiohisplBCedinbottomofthepistonTO.allows  the  piston  to  drop  freely,  so  thai  the  main 

ing.  the  cheJ^  i3  closed,  i 


regulated. 


.  IBv  changing  the'tension  of  spring  83,  through  key  Bt*m  86,  the  amount  of 
«  which  it  is  desired  to  cany  in  too  system  omi  at  any  time  be  changed  M 
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I n \ 1 \ 1 \ 1 -■ rnin     ■■^ir-^MM^^MTT^gw  i  n tiw 1  i     ■  i  * 

Feed  Water  Regulators. — ^An  ideal  condition  in  the  produc- 
tion of  steam  is  that  water  be  fed  into  the  boiler  continuously  at 
the  same  rate  as  it  is  converted  into  steam  so  that  the  water  level 
will  remain  at  a  fixed  point. 

The  output  of  a  boiler  is  affected  inversely  by  the  rate  at  which 
the  feed  water  is  supplied. 

When  the  feed  is  intermittent,  the  generation  of  steam  decreases  quickly 
when  the  feed  valve  is  open  and  increases  rapidly  when  the  valve  is  closed.  * 

Evidently,  then,  if  water  be  fed  into  the  boiler  at  the  same  rate  as  it  is 
being  evaporated,  the  best  relation  will  exist  between  output  and  demand, 
except  in  some  special  cases  such  as  mentioned  in  the  foot  note. 

By  the  use  of  feed  water  regulators,  an  approximately  continuous  feed 
is  obtained. 

There  are  ntmierous  tjrpes  of  regulator,  and  they  may  be 
classed,  according  to  principle  of  operation,  as: 

1.  Displacement. 

a.  Buoyancy  body  or  float. 

b.  Specific  gravity  body. 

2.  Evaporation. 

3.  Expansion. 

Displacement  Regulator. — The  simplest  form  consists  of  a 
hollow  metal  buoyancy  float  placed  in  the  water  column  which 
moves  up  and  down  with  changes  in  the  water  level  and  operates 
the  feed  supply  valve,  either: 

1.  Direct  by  lever  connection,  or 

2.  Through  auxiliary  valve  and  diaphragm. 


'*'  NOTE. — ^In  some  cases  an  intermittent  feed  can  be  used  to  advantage,  as  for  instance, 
on  locomotives,  where  in  going  down  grade  the  feed  is  ttimed  on,  which  prevents  the  safety 
valve  blowing  and  fills  the  boiler  to  high  level,  so  that  on  up  grade  where  maximuhi  power  is 
required,  the  feed  may  be  shut  off,  while  the  excess  water  is  evaporated. 
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Fig.  4.886.— Ch«>lin'FultDn  "ViRilanf  ipecitte  eraellM  bodu,  auxdiiiry  Mini  control  Mt- 

From  the  union  of  this  valve  a  thre«-aghthB  inch  pipe  connection  is  made  to  tbe  top  of  ue 
chamber  of  regulator;  2,  a  hooded  chsmberin  which,  and  to  which  is  attached  tbe  opwsting 
mechanism  of  theiegulalor.  The  cliiunber  ii  placed  u  cIoh  to  the  column  BS  pouible.  •rith 
iu  bottom  not  lesa  than  eight  inches  above  the  point  at  which  it  is  defiired  to  carry  the  water 
level.  Aconnectionismadefrom  the  bottom  of  the  chamber  to  the  boiler  01  to  the  bottom 
canntction  to  the  water  column;  3,  a  spedfio  gravity  bod?  ij  hung,  iniide  the  chamber, 
from  the  end  of  a  lever,  whose  fulcrum  ii  a  shaft,  one  end  of  which  extends  through  a  stuffing 

truding  end  of  the  fulcrum  shaft:  5,  on  the  counterweight  shaft  near  the  fulcrum  is  an  adjiirt^ 
able  connection  with  the  auxiliary  valve.  Thia  valve  is  attached  to  the  top  of  the  hood,  and 
a  steam  connection  made  to  the  gauge  pipe  or  other  pipe  where  dry  steam  mar  be  obtained. 
The  valya  has  an  upper  and  lower  seat  so  arranged  that  when  against  the  upper  seat  the  Btnun 

valve.  The  controlling  valve  is  the  third  part  of  the  regulator  and  is  placed  in  feed  line  to 
bdler.  In  caruUucUon,  it  is  similar  to  a  check  valve,  and  the  entering  water  tends  to  lift  the 
valve.  A  stem  extends  from  the  valve  to  a  chamber  located  above  the  cast  iron  loop,  and 
is  connected  to  a  piston  moving  in  the  chamber.  The  upper  cover  of  the  chamber  forms  a 
reservoir  for  water  which  prevents  the  live  steam  reaching  the  piston  cups.  tnoperBtlan, 
when  the  water  level  in  t^e  column  is  below  the  o[)ening  of  tfie  special  nipple,  steam  will 
entfrthechainberof  nsulator.and  the  water  in  it  will  be  displaced,  falling  through  the  pipe 
at  its  bottom  to  the  level  of  the  water  in  the  water  column.  The  weight  or  displacement  body 
in  thechnmberwillthenfallby  gravity  to  the  bottom  of  the  chamber,  the  counterweight  and 
lever  will  rise,  holdmg  the  auxiliary  valve  Bgainat  its  top  Beat,  and  the  exhaust  valve  will 
be  ooen  to  the  air.    T^ere  will  then  be  no  preseure  on  the  piston  of  feed  valve  and  the  latter 
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In  diatinction  from  a,  float ,  the  term  speciiir  gravity  body  means  a  hollow 
cylindrical  body  of  such  substantial  construction  that  it  is  too  heavy  to 
flioat,  but  of  course,  weighs  less  when  submerged  in  water  than  when  ia 
the  steam  space. 


Pic.  4387,— Stets  buogancg  jtoai  tUratt  conlrii  feed  wster  reBuUtor.    It  ooniItU  of  an 

onclosed  malce-up  valve,  actuated  by  a  buoyancy  float  conreoled  at  the  «nd  of  a  lever  as 
shown.  In  tnttalUnf,  the  regulator  is  placed  at  the  elevation  of  the  mean  water  level  in 
the  boiler  and  eonoected  to  the  boiler  by  steam  and  miter  pipe  the  same  as  for  an  ordinary 
water  column,    (n  operation,  the  movemenCofthefeedvalveiicDptrolled  by  the  level  of  the 

A  jack  wheel  is  provided  at  the  bottom  o£  the  feed  valve,  so  that  in  case  the  boiler  has  to  be 
filled  for  hydroaUlie  test ,  the  valve  stem  may  be  forced  upward  in  order  to  uncover  the  V- 
porta  and  admit  water  at  levels  above  those  which  would  be  within  the  range  of  the  float 
laouement.    This  jack  wheel  serves  aa  a  by  pa^  (through  the  valve),  as  well  as  a  downward 


ipfor  tt 

cmlinutd. 


n>ecial  nipple  the  same  will  be  sealed  by  th 
the  chamh -■  "- •-  -•-  — -  =-  -- 


it  which  was  in  it  will  be  condensed,  slightly  leducinB  the  pre; 
Enercm.ButnaLLne  water  from  tlie  boiler  £lls  it  to  the  top,    llie  inside  weiRh  tor  displacei 

of  water  which  It  displaces.  Thecoimterweight  or  outside  weight  is  now  heavy  enough  to* 
balance  the  inside  weight  and  goes  down,  while  the  inside  weight  goes  up.  As  the  ou 
lever  Boes  down,  the  actuating  valve  goes  down,  opening  the  steam  connection  and  shu 
the  eihaust.    This  admits  the  steam  pressure  lo  the  pi=ton  chamber  of  eonlroliinK  valvt 

boiler  until  the  water  level  falls  t9  the  owning  of  the  special  nipple,  when  steam  is  adm 
jld  level ,  all  the  operations  are  revi 


o  the  top  of  the  chamber,  the  y 
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weight  is  used  to  offset  the  excess  weight,  so  that  the  com- 
oinationoi  tne  two  is  equivalent  to  a  light  or  buoyancy  float.  The  reason 
for  such  construction  is  to  prevent  the  possibility  of  leakage  or  collapse 
under  steam  pressure. 

Figs.  4,887  and 
I  4,888  show  the 
essential  features 
of  these  types. 
Fig.  4,886  shows, 
what  the  author 
calls  for  want  of 
a  better  name,  a 
specific  gravity 
body  displace- 
ment   regimtor. 

Evaporation 
Regulators. — 

The  operation  of 
this  type  of  reg- 
ulator depends 
upontheevapor- 
ative  effect  of  a 
metal  tube  con- 
taining water 
and  steam,  when 
enclosed  by  a 
vesselcontaining 

PlO.  4.S88.— WiUiams 
fruojrancv  Saat  atix- 
Uiary  aMt  coHlrrH 
dltplactmanl  feed 
water  regulator.  It 
comprises  in  additioo 
to   the    reifulatOT,  a 

high  and  tow  natet 
elann.  ThaautomatievalveC.iaahownopen.admltOnB'stei'totheboiler,  tnoptratlon. 
as  tbe  float;  Ti$es,  the  collar  on  the  float  rod  lifts  the  lever  and  opens  A,  admitting  boiler  prea- 
Bure  to  the  operaline  chamber  by  allowing  tbs  eihamt  valve  B,  to  close.  The  preaaure  is 
communicated  through  the  connecting  pipe  to  the  top  of  the  diflphragin,  overcomes  the 
epting  and  cloaca  the  automatic  feed  valve  C.  As  the  water  linefalls,  the  reveise  operation 
takeflplace.    AconlJnuoua/eMfissecured  with  the  valve  D.    When  the  boiJcr  is  in  regular 


ic*  this  valve  is  opened  to  admit  water  at  a  slightly 
IB  evaporated.    "Ae  aut— -'- '—  '"    '■-'- 


shouldbfldoaed.    The  t 


live  C,  opena  aligktly  at  distant  intervals,  admitt 
>  luB  diflerence  between  that  evaporalfd  and  the  amoi 
feed  vaJvo  D.    When  the  boiler  ia  not  in  sMvico  Ihi*  va 
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water,  the  enclosing  vessel  having  an  outlet  which  communicates 
with  the  diaphragm  chamber  of  the  feed  valve 

The  amount  of  evaporation  of  the  water  in  the  enclosing  vessel  will 
depend  on  the  proportion  of  the  inner  tube  filled  with  steam,  wnich  depends 
upon  the  water  level  in  the  boiler. 

In  operation  steam  in  the  inner  tube  evaporates  more  or  less  of  the  water 
in  the  enclosing  vessd,  which  brings  pressure  on  the  feed  diaphragm  opening 
the  valve,  to  some  point  correspondmg  to  the  amotmt  of  water  evaporated. 

Figs .  4,890  to  4,892  is  an  example  of  a  regulator  operating  on  this  principle. 


Pig.  4,889. — Copes,  direct  control  expansion  feed  water  regulator.  The  expansion  tube  is 
placed  at  any  convenient,  accessible  point  alon^  the  side,  back,  or  front  of  the  boiler,  so  that 
the  top  end  of  the  expansion  tube  is  on  a  level  with  the  highest  desired  water  level  in  the  boiler 
(no  load  level) ,  while  the  bottom  end  is  on  a  level  with  the  lowest  desired  water  level  ^ak 
load  level) .  Suitable  connections  are  made  directly  to  the  steam  and  water  space  of  the 
boiler,  so  that  the  water  will  rise  and  fall  in  the  expansion  tube  exactly  the  same  as  in  the 
boiler.  Proper  connection  is  made  between  the  expansion  tube  lever  and  the  control  valve 
lever.  In  oi^eration,  the  expansion  tube  is  partially  filled  with  water,  depending  upon 
the  water  level  in  the  boiler,  and  the  load.  Now  the  part  of  the  expansion  tube  filled  with 
steam  is  maintained  at  the  temperattire  of  the  steam ,  since  as  fast  as  it  radiates  heat,  it  causes 
condensation  and  the  liberation  of  the  latent  heat  at  steam  temperature .  On  the  other  hand , 
the  lower  part  of  the  thermostat  is  at  a  temperature  considerably  below  steam  temperature, 
since  the  radiation  of  heat  for  this  part  of  the  tube  can  take  place  only  at  the  expense  of  the 
sensible  heat  of  the  water.  When  the  water  is  at  its  minimum  level  and  the  expansion  tube 
is  filled  with  steam,  expansion  is  maximum,  also  when  filled  with  water  the  contraction  is 
maximum,  the  length  and  feed  valve  opening;  operated  thereby  rtms  with  the  height  of  the 
water  in  the  expansion  tube. 


Expansion  Regulators. — The  principle  upon  which  this 
class  regulates  the  water  is  the  expansion  and  contraction  of  a  metal 
tube  subjected  to  variable  temperature ,  the  movement  thus  produced 
being  multiplied  by  a  system  of  levers  which  operates  the  feed 
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riGS.4.ae0to  4.SO2.— 5.  CAuxlUarw  Valet  antlrol,  teapoi 
inch  pipe  liie  tubs  D,  uCanding  Uumigh  thegeneiatot  K.  is 
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Figs.  4.800  to  4392.— ral  continued. 

boiler  dnim  by  eitra  htavy  H-incb  fittingB  and  nipples  so  arnuwea  tb*t  the  generator'^ 
position  can  b«  rsiscd  or  lowered  to  meet  opcrsting  conditions  in  tSe  pla  it.    Tlus  tube  D, 


thet 


O.D.  MamlcB  flexible  tabing  M,  thi 
Tbe  whols  Eyitem  includinc  O'  and 
and  sealed  with  plug  I.  'Hie  vater 
fittLOfls  and  19  belr 


ffenerator  down  I 
E*.  in  proportiai 
isinitklli  '  ■• 
regulatfj] 


in  tlw  t^  li.^i 

ffiuing  point  at  one  atmosphere  while  1 

inina  steam  will  be  heated  and  will  bo 

-  ..le  Kenerator  R,  and  this  will  force  a 

through  the  tubing  M.  into  diaphragm 

■    ■■  toftubeT  ■-      - 


a  diaphragm  O^  and  Pl. 
nrR.isHUedwithwater 
to  radiation  through  the 


■agm  O'  and  Pi,  moving  the  va 
to  steam  from  boiler.  The  gene 
^--■--      • 'uatopmratlon.i 


ill  drop  in  ttie  bcnler  b 
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control  valve,  being  so  arranged  that  expansion  of  the  tube  opens 
the  valve,  and  contraction  closes  it. 


Fig.  4,889  shows  the 
essential  features  of  a 
regulator  opemting  on  the 
expansion  principle,  and 
figs.  4,893  to4,896,  details 
of  construction. 


Tie.  4.807.— Hmpes  V  notch  feed  water 

meter  recorder  and  intesrator.     /(  ouulat*  <tt 

Jied  to  the  tank  by  a  bracket,     Imide  of  the  cabi- 

net  is  a  vessel,  called  the  iveigliing  vessel 

,  BuspendEd  by  a  coii  spring,  the  vessel  being  con- 

uccled  to  the  tank  by  a  flexible  bronze  h 

ose  in  such  a  manner  that  the  water  in  the  veasel 

wiU  be,  in  equilibrium,  with  the  water  bel 

hind  the  weir.    A,  the  water  rises  behind  the  V 

Bsel  and  as  this  vessel  contains  just  enough  water 

1  thehead  on  a  column  supported  by  the  cabinet. 

cording  BOdintegratinRdevlce  is  located  ir 

lit  on  one  aide,  making  one  revolution  in  24  hours 

sc  making  one  revolution  per  hour.     The  pen  for 

d  to  a  cioss  head  running  vertically  between  anti- 

friction  bearings  and  direolli'  connected  \ 
other  side  which  supports  a  small  plammi 
aluminum  disc.     The  planimeter  wheel 

to  the  weighing  vessel.     An  aim  is  eairied  to  the 

^er  wheel  on  a  vertical  ajiis  and  js  revolved  by  the 

moves  B  tram  of  gears  operatioathe  integrator 
ounds  that  has  passed  the  weir.     When  the  water 

is  just  Etartins  over  the  V  notch  the  pisi 

thi  head  inches  the  wheel  is  d,s™  to 

ward  the  lower  periphery  of  the  disc,  and  as  the 

disc  has  a  constant  motion  a  correct  reco 

■rd  IS  made  of  the  water  pasamg  the  notch  in  any 

given  time. 

P.cs.4,S90to  4,892.— r«U0i.rfi.rffJ. 

in  tube  D.  thereby  heating  the  water  in  ( 

lencrator  and  creating  a  pressure  and  thus  forcing 

disci?,  is  off  the  seats  Fi.  a  suffi^jient  di 

3ugh  tube  into  diaphragm  O'  and  Pi .  until  the  val™ 
.stance  lo  allow  enough  water  to  flow  through  into 

the  boiler  to  take  care  o£  the  amount  ev 

constant  at  this  time,  the  disc  E'  will  rem. 

load  chanacs  more  or  less,  making  a  sma 

Her  or  larger  demand  (or  water  and  the  valve  disc 

E>,  will  mo-e  from  ,001  to  .03  at  a  time  i 

claimed  that  >.he  regulator  gives  a  conlinu 

On  Ikht  load  and  uailorm  fire  it  will  giv 

e  a  constant  feed  and  water  level.    On  increasing 

load  It  will  always  feed  at  a  lower  rate  th 

lan  boiler  out-put  until  peak  load  level  is  reached. 
the  boiler  out-put  until  light  load  level  ia  reached. 

and  on  decreasing  load  it  will  feed  above 

with  variation  in  water  level  depending  on 

iregulaling  valve  will  close  tight  shut  is  «1 
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Ques.  What  is  essential  for  the  proper  operation  of  feed 
water  regulators? 

Ans .  The  feed  ptimp  must  be  provided  with  a  governor  giving 
such  control  as  to  maintain  an  excess  pressure  in  the  feed  line 
so  as  to  meet  any  demand  of  the  feed  water  regulator  control 
valve. 


FlaTTffff 

G.E.  now 

\77ozzZ^ 


Mrectton 
or  Flow 


leading 
Pipe 


^TrailiM 
Pipe 


Wercury 


Pig.  4 ,898. — ^Elementary  flow  nozzle  meter.  A  U  tube  is  connected  as  shown  and  partly  filled 
with  mercury.  /*  w  evident  that  the  flow  of  a  gas  or  fluid  produces  a  temporary  reduction 
of  pressure  in  and  near  the  throat  of  the  flow  nozzle.  The  pressure  under  the  flow  nozzle 
ana  in  the  trailing  pipe  will  therefore  be  the  static  pressure  mmus  a  pressure  proportional  to 
the  velocity,  while  the  pressure  in  the  leading  pipe  equals  the  static  pressure.  Due  to  this 
differential  pressure,  the  mercury  in  the  U  tube  is  deflected  until  tne  unbalanced  column 
exactly  balances  the  differential  pressure.  The  difference  in  height  of  the  mercury  in  the 
U  tube  is  a  measure  of  the  rate  of  flow,  and  by  suitable  mechanism  this  rate  of  flow  may  be 
indicated  or  recorded  on  a  properly  caJibrated  scale. 


Meters. — ^These  are  used  to  measure  feed  water,  circulating 
water,  steam,  etc.  There  are  three  general  classes  of  meter, 
according  as  the  velocity  head  necessary  to  obtain  a  pressure 
difference  (which  is  the  measure  of  the  rate  of  flow),  is  obtained, 
by  means  of  a 

1.  Plow  nozzle, 


2,770 
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they  must  be  carefully  tested  to  determine  the  law  governing 
them  and  also  the  effect 
of  elbows,  valves,  tees, 
etc. ,  upon  the  accuracy. 

Flow  Nozzle  Metert. 
— In  meters  of  this  type 
there  is  a  metal  funnd  or 
'  nozzle  inserted  between 
and  held  in  place  by  the 
two  flanges  of  a  pipe. 

The  nozale  is  of  steel 
for  measuring  steam ,  and 
of  either  steel  or  bronze 
for  measuring  water. 

No  appreciable  drop  in 
pressure  is  produced   by 
the  use  of  flow  nozzles  and 
the  same  nozzle  may  be 
•■"t«T  ,  used  for  measuring  either 

water,  oil,  air,  steam  or 
other  gas.  Fig.  4,898 
illustrates  the  operation  of 
meters  employing  the  flow 
nozzle  to  obtain  the  ve- 
locity head. 


/n  opcratfcin,  Etcam  entera  the 
flovinff — and  j»sH 


and  B.    V,  is  a  Epectal  broTU4  valve,  havuiff  a  niclKl  steel  spindle.     _  -,  

1 .  — ition,  fits  closely  in  and  on  the  monel  metal  seat,  thus  shulting  off  entiroly  the 

^  the  tapered  va[ve  rises,  the  space  between  It  and  the  monel  metal  seat 
icn  thmiiirEt  wViirh  t>m  ntram  Anws  and  inCTeaSCB  to  the  maximum  when  the 
SB  being  r«ulated  by  the  t 

_    ..     .._ lowest  pp--'-~-   -^ '■ 

^nntednear  the  edge  of  the  chart  or  paper  ribbon,  whiL  -— 

lero  mark  on  the  indicating  plate.     The  chart,  with  its  horiiootal 

by  them. 


AUXILIARY  APPARATUS 


ic.  4,902. — General  Electric  il 
ins  reoorfm((  flow  meter  eq' 
withintegratmeattachmcnt-  _ 


chart  revolTes;    6,  copper  ulug;    8, 

r'  ion;  7,  dock;  8,  recoTding  pen; 
eitemal  mechaniun;  U.  magnet; 
iCl,  iwording  pen  ann;  11.  sector; 
12,  integiatins  attachment;  13,  ^lasa 


7  well;  IT,  v 


'^Simplex"  condenntioQ 
nount  of  Bteam  delivered 

-p  r~,~ Viev  shows  eihibition 

:h  slots  fiimt.    In  ctpanttfan.  when 

^..-  water  has  run  into  one  aide  of  the 

buckettoover-balanceit.  the  bucket  tilta,  dis- 
charging the  water  into  the  meter  case,  and 
thence  through  the  outlet  pips  or  I«peg  into  the 
of  the  bucke,  is  brought  into  position  to  be  filled, 
s  into  the  meter.  The  shaft  on  which  the  bucket 
bearings  on  the  outside  ot  the  meter  case,  thus 
[d  the  operation  of  the  meter.  In  the  bottom  of 
led  with  water,  serving  as  cushions  thus  making 
less.     The  recording  dial  indicates  at  all  times  the 
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It  is  evident  that  the  gas  or  fluid  when  flowing,  impinges  against  the 
leading  pipe,  which  equals  the  static  pressure  plus  a.  pressure  due  to  the 
velocity  bead.  The  drag  of  the  gas  or  fluid  over  the  trailing  opening  lowers 
the  pressure  in  the  trailing  pipe.  Due  to  the  differential  pressurettie  mer- 
cury in  the  U-tube  is  deflected  until  the  unbalanced  column  exactly  balances 
the  differential  pressure. 

Fig.  4,904  is  an  example  of  meter  working  on  the  pitot  tube  principle. 
The  perforated  tube  is  virtually  the  equivalent  of  a  number  of  pitot  tubes 
arranged  side  by  side. 


16. — Cochrane  open  feed  water  heatei  in  steam  turbine  plant,  in  which  tba  eiluiut 
~ *'-e  back  pie '-" —  --■-■---    - i.  --i ■.._.._     ■..  .  ..^ 


Ack  piesBun  auxiliary  turbineB.  nim-coadeanD 
rfee3_watBr'         "    *  '      '       *■ 


kI  water  in  t,  Cochrane  heater,  the  surplus  steam  pi 
leinleimediatea*'"'*  *^*  '*'■  —*■"  i-rKi"*.      w»i*r*  th 

-      heating  aystem 

Di  the  "bleeder"  type. 


m  requoed  1^  the  heating  aystem  la  more  than  the  auxiliaries  can  supply,  the  m 


Feed  Water  Heaters. — Heating  boiler  feed  water  by  means  of 
exliaust  steam  efEects  a  considerable  saving  in  fuel.  The  heat 
imparted  to  the  water  in  a  feed  water  heater  takes  the  place  of 
an  equivalent  amount  of  heat  from  fuel  on  the  grates.  The 
amount  of  saving  for  any  given  condition  can  be  determined  by 
a  simple  calculation. 
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Example, — If  the  temperature  of  the  teed  water  be  80°  Fahr.,  before 
entering  the  feed  water  heater,  and  the  heater  raise  its  temperature  to 
210°,  wiftt  is  the  saving  with  boiler  pressure  at  100  pounds? 

Total  heat  in  one  pound  of  steam  at  100 pounds  pressure  =  1,150.4  B.i,«, 

Heatinlpoundoffeedwaterbeforeentering heater, 60—32=    28    B.t.u. 

Heat  required  to  form  1  pound  of  steam  =1.123.4  B.t.u. 

Heat  saved  by  feed  water  heater,  210— 60=150  B.f.u. 


FlO.  4,908.— Cochtaoo  open  [ted  wntor  heater  in  jet  condenamK  plant. 

Percentage  of  savings  150 ■!-l,122.4  =  .13,  that  is,  13  per  cent.,  which  is 
equal  to  1  per  cent. for  each  150  +  13  =  11^  degrees  that  the  temperature  of 
the  feed  water  is  raised  by  the  heater.  No  saving  of  fuel  is  realized  where 
the  water  is  heated  by  an  injector  or  by  a  live  steam  purifier,  since  both 
devices  first  draw  from  the  boiler  the  heat  which  is  to  be  irnparted  to  the 
water,  whereas  in  the  exhaust  steam  a  waste  product  is  utilized. 

Heaters  may  be  classed  as; 
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.  Open. 
.  Closed. 


Open  heaters. — This  type  of  heater  consists  essentially  of 
an  open  chamber  in  which  the  exhaust  steam  and  water  to  be 


heated  are  brought  into  intimate  contact  by  spraying  the  water 
through  the  steam,  both  the  water  and  the  condensate  going  to 
the  boiler. 
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the  open  heater  is  more  efficient  than  the  dosed  heater,  or  as  stated  by  one 
makerof  openheaters,  it  is  1  percent,  to  2  per  cent,  more  efficient  than  the 
closed.  It  would  accordingly  be  sate  to  say  that  the  saving  is  not  over  J^ 
to  1  per  cent. ,  varying  with  the  condition  ot  the  tubes.  Whereas,  an  open 
heater  is  a  little  more  efficient  than  the  closed  type,  it  has  the  disadvantage 
o£  contaminating  the  feed  water  with  oil  in  the  exhaust  steam,  and  hence 
some  form  of  grease  extractor  should  be  used. 

An  important  advantage  of  the  open  heater  is  that  by  means  of  a  series 
of  pans,  scale  fanning  substances  can  be  precipitated  before  the  water  enters 
the  boiler,  such  arrangement  being  called  a  piuifier. 

Fig.  4,909  shows  an  open  feed  water  heater,  with  purifier  and  oil  separator 
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Closed  Heaters. — In  this  type  of  heater  the  steam  does  not 
come  in  contact  with  the  feed  water,  but  is  separated  by  a  metal 
surface  through  which  the  heat  must  pass. 

Evidently  in  such  arrangement  no  oil  can-enter  the  boiler,  and  because 
of  the  metal  surface,  the  heater  is  somewhat  less  efficient  in  transmitting 
heat  than  the  open  heater,  VEuying  with  the  condition  of  the  surface  of  the 
metal  being  subject  to  deposit  of  oil  on  the  steam  side,  and  scale  on  the 
water  side.  Accordingly,  a,  closed  heater  should  not  be  i^ed  unless  the  feed 
water  be  reasonably  free  from  scale  forming  substances. 


Fio.  ifiOO. — Hoppea  optn  feed  water  better,  purifiei  and  oil  tepantor.      It  eon*&ta  <jt  a 

cylindricBl  chamber  containing  a  series  of  pans  bg  shown,  and  a  eortugated  plate  at  the  end 
to  cateh  the  oil.  The  enhauat  steam  enters  Bt  the  back  end  and  its  direction  is  «uddenl7 
changed  by  the  eotrugated  plate,  the  coinjgations  of  which  catch  the  oil.  Paaainginto  the 
h«ater  proper  it  performB  ita  work  of  heating  and  the  portion  not  condensed  eocapei  by  tho 
outlet,  near  the  front  end.  The  water  is  sdmilted  to  the  heater  through  a  balanced  nsn- 
lating  valve,  and  is  evenly  distributed  to  the  Icp  pans  by  the  inside  feed  pipes.    Overflowins 
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In  construction  the  water  tube  form  of  closed  heater  consists  of  one  or 
more  brass  or  copper  coils  through  which  the  water  flows,  being  surrounded 
by  a  cylindrical  casing  to  guide  the  steam  over  the  coil  heating  surface. 
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Fig.  4.eil.— National  clotdJmlar  lube  hefttsr. 

on  >iu)  are  connwted  in  jmralStl  anfplB«3 
within  a  casing  which  is  provided  with  inlet  and 

are  braxed  into  pun  metal  manifolds.  Thec^la 
aie  spaced  so  that  ampio  ana  is  provii^  (or 
the  flange  of  the  exhaust  without  undue  bade 


Fig.  4,010.— Berrynian  dosed  atMm  tub*  h 
pHrifitr.  This  is  the  original  type  of  Berry 
water  heater  in  which  the  exhaust  ateam  paue 
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tubehead  bolted  to  the  lower  part  of  the  steel  shell  and 

sure    or    impeded    circulation.     This    heater    is    made 
.either  vertical  or  horiiontal.    The  illustration  shows  the 
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Economizers. — ^By  definition  an  economizer  is  a  feed  water 
heater  placed  between  the  boiler  and  stack  so  as  to  utilize  a 
portion  of  the  heat  not  absorbed  by  the  boiler.  The  usual  tem- 
perature of  the  hot  gases  escaping  up  the  chimney  is  from. 500  to 
700*^  Pahr.  and  as  the  temperature  of  steam  at  100  pounds 
pressure  is  only  310*^,  it  is  evident  that  a  large  amount  of  heat  is 
going  to  waste,  some  of  which  could  be  profitably  recovered  by 
means  of  an  economizer. 

The  modem  type  of  economizer  consists  of  a  series  of  tubes, 
made  up  in  sections,  connected  at  the  ends,  and  placed  in  a  brick 
chamber,  through  which  the  gases  pass  from  the  boiler  to  the 
chiraney  or  fan. 

Feed  water  is  forced  through  the  tubes  while  the  gases  circulate  around 
them.  The  difference  between  the  economizers  of  different  makes  lies  prin- 
cipally in  the  projKDrtions,  the  design  of  end  connections,  and  position  of  the 
tubes. 

Since  soot  is  a  very  efficient  heat  insulator,  any  deposit  on  the  tubes  will 
considerably  reduce  the  efficiency  of  the  heating  surface,  and  accordingly 
no  economizer  is  complete  without  some  device  for  continuously  or  per- 
iodically removing  the  soot  from  the  heating  surface  of  the  tubes.  This 
consists  of  scrapers  that  move  slowly  up  and  down  each  tube,  thus  con- 
stantly scraping  the  soot  from  the  tube.  The  scrapers  are  operated  by  an 
engine. 

The  tubes  are  made  of  cast  iron  because  it  resists  corrosion  longer  than 
iron  or  steel  when  exposed  to  gas  of  combustion  at  comparatively  low 
temperatures.  The  economy  resulting  from  the  ttse  of  an  economizer  when 
the  draught  is  sufficient,  depends  upon  the  normal  temperature  of  the  flue 
gases  escaping  from  the  boilers,  and  of  the  feed  water  supplied  to  the  econo- 
mizer.   The  gain  is  calculated  as  follows: 

Pain     in  r...  o^nf  -  100  (T-t) 

Uam,  m  per  cent «  — rj — 7 — 

in  which 

T  =heat  units  in  one  pound  of  feed  water  above  32®  after  heating. 
/=heat  units  in  one  pound  of  feed  water  above  32®  before  heating. 
H  =heat  units  in  one  pound  of  steam  of  boiler  presstu*e  above  32®, 
Fig.  4,913  shows  appoved  economizer  construction. 
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Evaporating  and  Distilling  Apparatus. — ^Although  these 
devices  properly  belong  in  this  chapter  they  are,  however,  pre- 
sented in  a  separate  chapter,  owing  to  the  rather  lengthy  treat- 
ment and  their  importance.    See  Chapter  87. 

3.  STEAM  APPARATUS 

Separators. — ^The  object  of  a  separator  is  to  remove  as  much 
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Fig.  4,914 . — Diagram  of  Davidson  (Baird  patent)  evaporating  and  distilling  apparatus  showing 
manner  of  connecting  up  a  plant  to  make  drinlang  water;  ^1  parts  are  shown  except  circulat- 
ing pump;  one  pump  is  used  for  both  evaporator  feed  and  bnne. 

moisture  as  possible  from  the  steam  after  it  leaves  the  boiler.  It 
is  placed  close  to  the  engine  so  as  to  avoid  any  further  condensa- 
tion between  separator  and  engine. 


All  separators  employ  centrifugal  force  (sometimes  aided  by  gravity) ,  to 
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TEAM 
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4.S15.—-E1eTnentU7  steam  Bepsntor.illusCratiag  principles  of  operation.  Steam  from  tlie 
ileiis  led  into  chamber  of  Uiger  section  than  the  pipe, and  out  again  after:  l.havins  its 
■laion  luMenlg  changed  (usually  through  180°),  and  2,  having  ita  ntaiilji  reduced  while 
ssins  through  the  chamber.  Ckaxitin  dinitumof  tki  sUam  fiowiHt  lUefiOO  to  8,000  fat 
r  vixyii/Llt  <tfotts  comiderablt  cmntritugal  force  ivkick  luting  on  the  hiiay  ^JObuirs\  hurt* 
m  out  pf  Iht  talh  of  the  slam.  The  veiadt!r  of  the  steam  in  changinE  Its  direction  is 
iuced  because  of  the  Larse  size  of  the  chamber  which  diminishes  the  disturbance  due  to  the 
^m  passing  through  the  chamber,  thus  incrcasiiig  the  efficiency  o£  the  device. 


Pig.  4 ,9ie. — Austin  separator.    The  bafile  plate  which  serves  to  change  the  direction  of  the 

that  when  the  steam  is  impinged  against  it,  the  particles  of  water  rebound  at  an  opposite 
angle.  This  sets  up  a  rotating  motion  in  the  steam,  bringing  the  latter  in  contact  with  the 
inside  walls  of  the  separator.    These  walla  are  heavily  corrugated,  as  is  also  the  surface  of  the 

the  inner  walla,  is  subject  to  further  separation  process  by  means  of  additional  bafHo  plates 
located  in  the  well  or  receiver  portion  of  the  separator,  one  of  these  plates  being  shown  m  the 
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The  riser  does  not  contain  a  solid  body  of  water,  but  a  mixttare  of  water 
and  steam. 

The  steam  part  of  this  mixture  is  readily  condensed  by  means  of  the 
condenser  at  the  top,  usually  and  erroneotily  called  the  horizontaJ  pipe. 
This  condensation  reduces  the  pressure  in  the  system  which  causes  an 
upward  flow  of  the  mixture  in  the  riser,  that  is,  the  riser  is  constantly 
supplying  steam,  conveying  large  quantities  of  water  in  the  form  of  a  fine 
spray  to  take  the  place  of  the  steam  condensed  in  the  condenser. 
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Pig.  4,910. — Essential  parts  of  a  steam  loop:  1,  riser;  2,  goose  neck,  or  non  return  device; 
3  J  conden^r,  commonly  and  erroneously  called  the  horizontal  pipe;  4,  drop  leg,  or  balancing 
pipe.  A  check  valve  is  placed  at  the  end  of  the  drop  leg  to  prevent  surging  or  fluctuating^ 
the  water  level,  thus  rendering  the  operation  stable.  There  are  two  conditions  necessary  for 
proper  operation  of  a  loop:  1,  sufScient  length  of  drop  leg  to  balance  the  pressure  reduction 
due  to  weight  and  friction  of  the  mixture  in  the  riser;  2,  sufiEicient  cooling  surface  of  con- 
denser  to  condense  at  a  rate  which  will  give  the  proper  now  in  the  riser. 


As  soon  as  the  water  mixed  with  the  steam  passes  the  goose  neck,  it 
cannot  return  to  the  riser;  hence  the  contents  of  the  pipes  constantly  work 
from  the  separator  toward  the  boiler,  the  condenser  bemg  slightly  inclined 
toward  the  drop  leg  so  as  to  readily  draw  the  condensate  into  the  drop  leg. 

The  condensate  will  accumulate  in  the  drop  leg  to  a  height  such  that  its 
weight  will  balance  the  weight  of  the  mixture  in  the  riser. 
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In  order  to  proportion  a 
gravity  of  the  mixture  in  1 

pressure  betveen  the  boiler  and  the  separator,  and  the  pressure  under  whidi 
the  system  is  to  work,  the  latter  quadtity  being  used  to  determine  the  weight 
of  water  at  the  existing  pressure  and  temperatw^. 


FiGS.  4,W0  and  4,931. — Stum  loop  iiutaHation  A,  from  seMntor;  B,  trom  drain  i 
located  below  the  wstel  level  in  the  boiler.  Bxamplti  If  tfas  diSeresce  of  presiuTe 
tha  lepaiator  and  the  pipe  be.  Bay,  2  lbs,,  then  It  will  sustain  a  column  or  water  a 
peraluro  of  287°  Fahr.,  equal  to  2.500  X2  -6.018ft.  high.    The  riser,  R,  however,  i _— 

ulth  that  of  water,  about  three-fourths  of  the  volume  being 
It  case  the  eoliunn  sustained  will  equal  8,018X4  -20.072  fert- 
nction,  the  net  height  of  the  nser  pipe  mav  be  18  fe  "  "" 
he  calculation  of  installation  6  (fig.  4,021),  i> 

HTiiaadifteienceofB"-  ^- '-- 

ig  lower  point  in  ths 


«asiuned  to  beaten 
Doduoting  10  per  i 


steam  only .  the  water  will 

more  than  the  steam ,  the '_ 

rivity  of  one-fourth  that  of  wat 
183  feet,  one-fourth  of  the  eit 
below.  Adding  tOBBtbel  £4,646 
of  Tiler  pipe,  or  subtracting  tbe 
above  the  water  level  ia  the  boiler 

NOTB.— A  drip  should  be  connected  wit 
riser  when  the/  betwne  filled  with  water,  as  v 
off  for  Bome  time  and  the  main  piping  has  bee 


B  (fig.  4,02lS, 

luro  between  the  vjn  i 

-stem  b  12  feet  belon 

1  before.    It  thelooi.   ._  _ 

12 .645  feet  to  balance  the  diSer- 
t  will  bo  found  that  the 
ve  the  bottom  of  the  lisei 
dateamm  the  riserpipe 

il  naturally  be  2?^5°feet +3"™ 

ive»  32.727  t«t''for  toUl  height 
9t  M  thg  height  of  the  drop  Teg 
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Steam  Traps. — ^By  definition  a  steam  trap  is  an  automatic 
device  which  allows  the  passage  of  water  but  prevents  the  passage 
of  steam. 

It  is  used  in  steam  plants  to  automatically  drain  the  pipes  of  condensate. 
According  to  Crane  "a  trap  is  a  trap,  and  it  is  unfortunate  that  it  is  impos- 
sible to  get  along  without  them." 

There  is  an  undue  multiplicity  of  traps  on  the  market  (each 
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Pigs.  4.022  to  4,927.— Elementary  steam  traps.    Fig.  4,922,  buoyancy  float  trap;  fig.  4,923 
counterweighted  specific  gravity  body  trap;  fig.  4,924,  bucket  trap;  fig.  4,926,  differential 
trap;  fig.  4,926,  evaporation  trap;  fig.  4,927,  expansion  trap. 
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one  better  than  the  other,  accoidici  to  'the  makers),  and  they 
may  be  classed: 


1.  With  respect   to  the  dis- 
position of  the  condensate,  as: 


2.  With  respect  to  nature  of 
operation,  as: 


Pics.  4,928  to  4.B30.—Wriglit  "emeiBency"  buogancg  Hoot  iteamtnp.    Kg.  4 .828,  service 
dischaige;  lig.4,029,3emi-emereency  discbarge:  fift. 4,930,  enwrgem^ydischirge.   Inopera- 

iaur  ta  six  inches  of  water  at  bol£  inlet  and  outlet,  which  faveoti  C9(^ec?steain.  Wheu 
thusfilkd^the  float  rise!  and  opens  the  center  valve  {fig.  4,928),  iligkay.  if  there  be  but  Uta« 

thotrap.  (umier'raising  the  float  and  (menina  valve  No.  2  suffiejenlly  to  dischaiEe  the  surplus 
water,  or  wide  open  if  neceaiary.  Vtdve  No.  3  ii  opened  in  the  same  manner  providing  foi 
full  cspadty  of  the  inlet  pipe.     The  trap  is  provided  with  ■  vrater  gauge  and  blow  off  valve 
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The  terms  inteTmitltnt  and  continuous  are  self-defining;  they  relate  to 
the  nature  of  the  discharge  from  the  trap.  Most  traps  are  intermittent, 
about  the  only  working  principle  that  will  give  approiimatdy  (xmtiiiuotis 
discharge  is  that  of  emporalion. 


:.  4.S31, — McDanUI  eountmr-iBelfhted  tpteiSc  gravity  bodg  steam  tnp.  A.handdis- 
.harse:  B.  air  vent:  C,  apecific  gravity  body:  D,  counter-wdflht:  S,  fulcrum  support:  F. 
live;  G.valveseat;  H,  outlet;  1,  cross  tie;  J,  tapforblowoff  valve;  K,  levw. 


4,932.— I&eley  corabioBtion  lo« 
Mcbed.  The  object  in  uiinB  ti « 
d  hoitmB  aj-item  through  tie  ex 


re  buckwl  trap  with  cantilever  ei 
;ion  of  lhi«  land  is  to  remove  the  i 
1  sir  trap  into  the  iliechaiiB.    It  ii 
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miEt 


OUTLCT 

Fig.  4,934.— Watson  and  McDaniel  •'Columbia"  expan- 
•ion  steam  trap.  Its  action  depends  on  the  greater 
expansion  of  brass  than  of  iron.  In  operation,  the 
condensation  enters  at  inlet  and  passes  through  the 
brass  tube  at  the  top  into  the  cast  iron  part  I,  and  on  to 
the  outlet  valve  C.  As  the  brass  tube  becomes  heated 
from  the  steam,  it  expands  and  forces  the  outlet  valve  to 
close.  When  there  is  water  coming  to  the  tube,  the 
temperature  is  decreased  and  the  tube  contracts,  opening 
the  valve  so  that  the  trap  is  open  to  pass  the  condensed 
water  out  and  closed  to  save  the  steam .  The  brass  tube 
is  screwed  to  the  body  at  one  end  and  moveable  at  the 
other.  This  movement  is  multiplied  by  the  lever  to  give 
the  valve  a  larger  opening.  The  iron  rod  below  the 
brass  tube  is  adjustable  to  suit  the  required  conditions 
of  operation.^  The  outlet  valve  has  the  same  area  as  the 
pipe  connections.  There  is  a  spring  i>Tovided  at  D,  to 
allow  for  any  excess  movement  from  too  much  expansion 
ot  the  brass  tube  which  might  bend  the  tube  or  crush  the 
outlet  valve.  The  lever  A,  is  made  on  a  cam  shai>e  at 
the  lower  part  and  can  be  moved  to  a  horizontal  position 
which  opens  the  valve  to  blow  steam  through  if  any 
sediment  or  dirt  lodge  on  the  seat.  The  connections  B 
and  B'.  are  for  connecting  a  water  gauge  to  show  the  water 
level,  but  these  are  rarely  used  and  are  not  necessary. 

Pig.  4  »038.— Plinn  diiferentiai  steam  trap .  BrieHy,  the  column  of  water  X ,  acting  on  the  dia- 
phragm closes  the  valve .  The  water  entering  pipe  E ,  together  with  the  action  of  the  spring, 
equalises  column  X,  and  opens  the  valve.  That  s  all  there  is  to  it.  Describing  the  action  in 
further  detail — the  water  of  condensation  enters  at  A,  fills  lower  chamber  Y,  pipe  X,  and 
receiving  chamber  C,  up  to  the  level  of  the  top  of  pipe  £.  This  columm  of  water,  acting 
on  the  under  side  of  the  diai>hragm  D ,  forces  the  valve  to  its  seat  against  the  counter  pressure 
of  the  spring  S.  Any  additional  water  that  enters  the  trap  overflows  through  pipe  E,  filling 
chamber  P  and  pipe  £,  to  a  point  about  midway  of  its  height,  where  the  effect  of  the  column 
of  water  in  pipe  X  is  balanced.  The  pressure  on  each  side  of  the  diaphragm  is  then  equal — 
the  shorter  column  in  pipe  E,  aided  by  the  spring,  balancing  the  pressure  ofthe  longer  column 
in  pipe  X.  Any  further  increase  in  the  height  of  the  water  in  pipe  £,  causes  a  depression  of 
the  valve  V,  which  allows  water  to  escape  until  the  column  has  fallen  to  a  level  a  little  below 
the  middle  of  pipe  E,  when  this  valve  closes  again.  This  action  is  repeated  at  intervals 
according  to  the  quantity  of  water  entering  the  trap.  So  longas  the  water  keeps  coming  in 
in  sufficiently  large  quantities  the  valve  remains  wide  open.  The  valve  acts_ every  time  the 
water  rises  above  the  water  seal  line  and  every  time  it  falls  below  it.  The  diaphragm  is  not 
affected  by  the  working  pressure,  whether  one  or  three  hundred  pounds,  as  there  is^the  same 
steam  pressure  on  both  sides,  top  and  bottom .  There  are  but  three  working  or  moving  parts, 
the  spring ,  the  diaphragm .  and  the  valve  itself.  The  adjustment  of  the  spring  is  accomplished 
bv  the  outside  lever  L,  which  lever  also  serves  to  open  the  valve  for  blowing  out  the  trap. 
This  is  sometimes  necessary  when  grit  and  dirt  pass  into  the  trap  from  the  steam  pipes  and 
get  under  the  valve .  By  depressing  the  outside  lever  L,  the  valve  V ,  is  thrown  wide  open  and 
the  trap  can  be  blown  out. 
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Figs.  4,923  to  4,927,  illustrate  various  principles  employed  in  constructing 
steam  traps. 

In  fig,  4,922  a.  light  or  buoyancy  float  at  the  end  o£  a  lever  operates  a  valve 
controlling  the  discharge  by  the  rise  and  fall  of  the  condensate. 


Pic.  4,93S. — Heintz  mtapotatlon  Bteam  trap.    It  contUta  o/an  outi 


the  piESSure  thus  produced  tending  to  atrBighl«n  the  tube  and  thus  close  the  valve.  II  is 
claimed  that  the  trap  b  very  senaitive  to  changes  of  tempefHtur^  so  that  in  operation  the 
discharae  ia  practically  coctinuoiifl. 


Flc.  4,S38.— lOeley  cantilever  eipanttoix  Bteam  and  air  trap.  Thaparla  arti  1.  inlet  h™iij 
2.  outlet  head;  3.  plug;  4,  atraincr  basket;  5,  nuts-  e.lowerrod;  7,  lever;  8,  lever  bolt; 
9,1ocknut;  10, expansKin tube;  ll.leverpin;  12. spring;  13, clamp;  14 . cotter pm;  IS.dJBC; 
le,  disc  stem;  17!  rivet;  IS.  seat;  IS,  bonaet;  20,  pacldog  nut;  21,  packing;  23,  pUtK 
23.  ga^t;  24,  cap  screws;   ZS,  air  cocks. 
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lo.  4,937,— Bundy  return  trap.  In  operation  when  the  bowl  fills,  it  tilta  and  opens  thj 
valve  admitting  Bfeam  at  bnileT  pressure,  thus  equali£ina  pressure  in  trap  and  boiler,  and 
unoc  the  trapiaplacedabovethcwaterline,  the  watFrwillposs  by  gravity  troTTi  the  trap  into 
the  boiler.  To  re~adjutl.  Place  the  counterbalance  ball  at  a  point  on  the  lever  where 
it  will  easily  raise  the  empty  bowl.    See  that  the  lower  lock  nuts  which  are  touched  by  tlw 

-. ^  .    .  ,  .  .  ,     .  .   ..      .    ,.._   _..  ..  ..    -"-  .|,g]jy  uiojg  tiij  steam  valve 

nuts  an  adju&ted  so  that  the 
■n^faeing  the  ring  to  ^en  the 
sets  of  lock  nuts,  so  the  bowl 


sleeve  are  set  just  high  enough  on  the  valve  stem  to  elFectuslly 
without  injuring;  disc  or  seat.    Also  that  the  upper  set  of  locknul 
bowl  will  have  some  headway  on  its  downward  stroke  before  tag 

may  gain  headway  either  up  or  dowa  before  the  slee' 
BDd  closing  the  valve  with  h  quick  movement. 

Pre.  4,933. — Bundy  return  trap  valve.  The  parts  are;  A,  valve  stem;  B,  upper  lock  nutSi 
valve  disc  loSinut™k,a'irvafved];l" air  va'lvedisct  K""ve  body;  ^,  valve  iisci'S' 
trap  for  purpose  otadjuatment.  cleaning  or  repairs,  proceed  as  follows:    Loosen  the  set 


H,  unscrew  theairvalvedisclocknutC, and  takeoff 

rTS'be' 

such  that  wner 

...     _.  sndwhenthei 

of  bowl  will  be  1^' clear  of  the  ring.    3.  Thi 


'n  iiatalUrtB  the  mlve.  make  sure  of  flie  tollowina:  1.  That 
o  the  nipple  suEGciently  far  that  the  stem  A,      ' 
!.  That  the  adjustment,  by  the  nutsB,  and  D. : 

---  -he  top  of  bowl  will "■    ■ 

■"      ifbt 
.of 

"""i'teti 


the  air  valve  ell  II,  which  should  n< 
the  trap  to  fill  and  discharge  freely, 
securely  locked.  T.  Do  not  use  Still 
A  aucbiuiat's  monkey  wrench  will  ans 


Uc  cannot  close,  i 

ind'3th| 

-and  incidentally, 
;op  of  sleeve  C.  a 
maintained.  .The 

to  permit 

deface  on 

sSiS 
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The  spring  in  fig.  4,925  acts  to  hold  the  valve  open.  In  operation  the 
condensate  entering  the  upper  chamber  flows  down  in  tube  L,  and  the  pres- 
sure of  water  then  acting  on  the  diaphragm  overcomes  the  spring  and  closes 
the  valve,  holding  it  shut  until  the  water  in  upper  chamber  overflows  into 
pipe  F,  thus  bringing  water  pressiire  on  the  upper  side  o£  the  diaphragm 
equal  to  that  on  the  underside,  leave  thef  till  force  o£  the  spring  to  c^>eii  the 
valve,  to  discharge  condensate  in  pipe  F, 


■o  trap.    Pig.  4,B39  teforo  dischBTgei 
haffleplste.  and  overflows  into  tho  buckEt.whi 

ia  then  dischfiiGed  from  bucket 


of  this  v( 

_     ..    jhfliBedfr. 

:hargo  tube  fllwBya  water  sealed.    The  bucket 


In  fig.  4,926,  one  end  of  the  expansion  tube  is  secured  to  the  discharge 
chamber,  and  the  other  end  working  through  a  stuflSng  bojt  closes  or  cn)eiis 
communication  with  the  discharge  chamber,  as  it  respectively  expanm  or 
contracts  with  changes  of  temperature  due  to  the  presence  of  hot  steam  or 
relatively  cold  condensate  within  the  tube.  The  evaporation  trap  empkws 
a  principle  commonly  used  for  steam  gauges,  namely;  a  curved  tube 
under  pressure  tends  to  assume  a  straight  form.  The  curved  sealed  tube 
of  the  trap  contains  a  small  qttantity  of  a  liquid. 
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In  operation  when  the  trap  chamber  is  full  of  condensate  no  vapor  is 
formed  by  the  tube,  which  tmder  this  condition  holds  the  valve  open. 

When  the  condensate  is  discharged ,  the  chamber  fills  with  steam  and  heats 
the  Uquid  in  the  curved  tube,  causing  evaporation  therein  with  rise  of 
pressure.  This  tends  to  stra  ighten  the  tube  which  in  turn  closes  the  valve. 
The  accompanying  cuts  illustrate  the  construction  o£  various  traps  em- 
bodying the  principles  just  described. 

Superheaters. — ^The  economic  value  of  superheating  is  too 
well  known  to  require  any  discussion  here.  The  degree  of  super- 
heat ordinarily  used  in  this  country  with  engines  is  25  to  100** 


s  aupported  un  fugs,  rounded  Go  as  not  to  cut  th 

ch  end  so  as  to  give  a  Gtream  line  passage  for  ga&ea  and  cindera  without  offe 

L  motion  due  to  sudden  stops,  and  starts  by  means  of  a  simple  anchorase  df 


Fahr,,  and  for  steam  turbines  between  100  and  200°.    In  Europe 
a  superheat  of  300°  is  frequently  used. 
Superheaters  may  be  classified  as: 

1,  Attached,  or 

2.  Separately  fired. 

depending  upon  the  method  of  applying  the  heat. 
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An  attached  heater  forms  part  of  a  boiler,  one  furnace  serving  not  only 
the  boiler  but  also  the  superheater,  which  is  located  within  the  boiler 
casing  or  setting  at  a  point  where  the  furnace  gas  temperatures  are  rela- 
tively high.  Thus,  all  the  st«am  produced  by  the  boiler  is  automatically 
'   d  before  being  delivered  to  the  steam  line. 


A  separately  fired  superheater  is  set  independently  of  the 
boiler,  and  has  its  own  source  of  heat,  supplied  by  a  special 
furnace  using  coal,  oil  or  gas,  or  by  waste  heat  often  available 
at  cement  works,  steel  mills  or  blast  furnaces. 


imneed  tot  fuel  oil. 
heated  to  any  temperature  up  to  l.UOO'PHhi.""'  ' " 

Such  an  arrangement  has  the  advantage  of  being  flexible,  as  the  amount 
of  superheat  may  be  varied  to  suit  the  requireniGntsor  changed  conditions. 
A  separately  fired  installation  may  be  made  independently  of  the  boilers, 
and  one  superheater  may  be  designed  to  superJiKit  all  the  steam  from 
several  boilers. 

■s  will  indicate  the  most 

The  circulation  must  be  properly  distributed  throi^hout  the  super- 
heater at  fuH  load  as  well  as  at  partial  loads.  The  various  parts  must  be 
accessiblefor  inspection,  both  externally  and  internally,  and  must  be  readily 
renewable  or  easily  repaired.  There  must  be  provision  for  free  expansion 
-      ■■      ofth 


^id  contraction  of  the  parts. 
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Fig,  4,943  shows  an  approved  fonn  of  separately  fired  superheater,  and 
figs.  4,941  and  4,942  appHcation  of  attached  superheater  to  a  locomotive. 

Steam  Flow  Meters. — These  measuring  devices  applied  to 
different  departments  of  a  factory  show  how  much  steam  is 
being  used  by  each,  and  any  waste  will  be  detected.  They  are 
invaluable  in  the  sale  of  steam  to  customers  for  heating  or  other 
work. 

Should  the  steam 


to  drop,  it  is  impor- 
tant to  know  whether 
it  is  caused  by  a 
sudden  increase  in 
the  load  or  through 


'IG.4.M4.— Gebhardi 
s  water  gamfe  glass 

The  nSS'l's'lttach 

'§M 

read  m  lbs.  per  houi 
the  chut  is  turned  e 
latter  it  btooght  on 

io  that  the  p 
a  level  with  1 

)Lpe.    It  eonMlatm  eaMentlalty  of 


.    These      

.  the  height  of  the 


When  each  boiler  is  equipped  with  a  meter,  the  fireman  will  know  at  once 
what  is  causing  the  drop  in  pressure  and  can  bring  it  back  to  normal  without 

Steam  flow  meters  work  on  the  same  principles  as  water  flow  meters 
described  in  the  first  section  of  this  chapter.  A  sectional  view  of  the  Geb- 
hardt  meter  is  shown  in  flK.  4.944  and  described  under  the  cut. 
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Pig.  4,B45. — General  Electric  indicating  steam  floor  meter  for  pennBnent  iostHUstim  to  pipe . 
II  icllt  Indicate  the  instanUneouB  rate  of  fiov  and  give  the  same  ioforma.tioa  >B  the  larger 
type.  Smikr  flaw  nozilea.  oiiiica  tubes  and  noizla  plugs  are  used  with  the  meter  as  with 
the  Isrsec  types.  In  conitructlon  tliB  body  of  the  meter  consists  of  a  casting  cored  out 
BO  as  to  form  the  leg  and  well  of  a  U  tube.  The  by  pasa  valve  is  provided  at  the  Bide 
of  the  meter  to  equalise  the  pressure  at  any  time  on  the  two  legs  ot  the  U  tube  system.  A 
small  float  resting  on  the  top  of  the  mercury  in  one  leg  of  the  U  tube  ia  attached  to  a  silk 
cord  passing  over  a  pulley,  and  this  cord  is  kept  taut  by  a  counter  balance  weight  acting 
in  the  opposite  direction.  The  shaft  on  which  the  pulley  is  mounted  carries  a  smaU  horse- 
shOQ  magnet  with  its  pole  faces  near  and  parallel  to  the  inside  surface  of  a  coi^per  plug  fast- 
ened to  the  body  of  the  meter-  The  bi^cketBupportingthepullEysystem  is  made  of  copper, 
and  the  pivots  and  bearings  of  a  special  non-corrosive  metal.  A  small  magnet  is  so  mounted 
en  pivot  bearings  that  its  poles  are  near  and  parallel  to  the  out&ide  surface  of  tho  copper 
plug  previously  referred  to,  and  its  axis  of  rotation  in  line  with  the  shaft  carrying  the  magnet 
inside  the  meter.  The  indicating  needle  ia  attached  directly  to  this  magnet.  Inoptration 
the  differential  pressure  produced  by  the  flow  nozsle,  orifice  tube,  or  nozsle  plug  in  the 

to  rise  into  the  leg  of  the  V  tube  nhich  conUins  the  float;  the  hinght  of  the  mercury  in  this 
leg  is  proportional  to  the  differential  pressure.  By  means  of  the  float  and  cord,  the  pulley 
I  carryina  the  magnet  inside  the  body  is  rotated  ia  proportion  to  the  change  of  level  of  the 
mercury.  Any  motion  of  this  magnet  is  transmitted  magnetically  to  the  outside  magnet 
carrying  the  indicating  needle,  causing  the  needle  to  deflect  in  proportion  to  the  change 
io  level  of  the  mercury  In  the  leg  of  the  U  tube  which  contains  the  float.  Tht  mcala  reads 
lbs.  per  hour,  or  boiler  hoi»  power,  whichever  be  preftned,  for  k  ^vsn  condition  of  pipe 
diatnetei  and  tempetatuie. 
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CHAPTER  81 
POWER  PLANT  PIPING 


The  term  piping  is  here  used  in  its  broad  sense,  comprising; 

1.  Pipes; 

2.  Fittings; 

3.  Valves 

and  also  the  methods  employed  in  erecting.  To  convey  steam 
from  a  boiler  to  an  engine  or  other  apparatus  would  at  first  seem 
an  easy  problem,  but  in  most  cases  it  is  found  that  the  cause  of 
bursting  pipes  and  their  fittings  is  due  to  incorrect  selection  or 
method  of  installing. 

Pipes. — There  are  numerous  kinds  of  pipe  manufactured  to 
meet  the  varied  conditions  of  service,  and  they  may  be  classed: 

1.  According  to  the  material  used,  as: 

a.  Copper. 

b.  Brass. 

c.  Wrought  iron. 

d.  Wrought  steel. 

e.  Cast  iron. 

2.  According  to  the  process  of  mantifacture,  as: 

a.  Brazed. 

b.  Butt  welded. 

c.  Lap  welded. 

d.  Riveted. 
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2,  According  to  the  kind  of  joint  used,  as; 


^.  Threaded. 
i.  Flanged. 
^.  Spigot. 

Copper  Pipes. — ^The  use  of  copper  pipes  for  steam  mains  is 
not  so  common  at  present  as  formerly,  and  their  use  for  such  service 
should  be  discontinued ,  as  with  the  exception  of  its  great  ductility 
and  ease  with  which  complicated  forms  may  be  built  up  from 
small  sheets  joined  by  brazing,  there  is  nothing  to  recommend 
them,  but  much  to  condemn. 

Copper  pipes  do  not  have  the  strength  or  wrought  iron  or  steel  pipes, 
and  what  little  strength  they  possess  is  rapidly  reduc^  at  high  temperatures; 
moreover,  the  brazed  joint  is  unreliable,  rendering  the  actual  blunting 
strength  of  the  pipe  an  unknown  quantity. 

The  difficulty  with  a  brazed  joint  lies  in  the  fact  that  copper,  if  heated  up 
to  nearly  its  melting  point  during  the  brazing  operation,  loses  its  strength, 
becoming  weak  and  orittle.  When  in  this  condition  the  copper  is  c^ed 
''burnt." 

At  a  temperature  of  360°  Fahr.,  its  strength  is  reduced  15  per  cent.,  and 
on  this  account  it  should  never  be  used  for  high  steam  pressures  and 
temperatures;  at  800°  to  900°  its  strength  is  reduced  about  one  half. 
Although  copper  does  not  corrode,  it  exercises  a  very  destructive  galvanic 
action  upon  iron  and  steel,  if  immersed  together  in  a  polarizing  liquid, 
and  is,  therefore,  not  a  desirable  material  on  steel  hulls,  in  places  reached 
by  salt  water  or  bilge 


Brass  Pipe. — ^The  advantage  of  brass  pipe  is  that  it  does  not 
rust  or  corrode,  but  in  cost,  is  very  expensive  as  compared  with 
iron  pipe.  It  is  made  in  iron  pipe  sizes  and  is  tested  to  a  pressvire 
of  1,000  pounds  per  square  inch  before  shipment. 

The  temper  of  the  brass  is  not  strictly  hard,  but  just  sufficiently  annealed 
to  prevent  cracking  .and  to  make  it  suitable  for  steam  work. 

Brass  pipe  is  made  by  the  seamless  process.    It  comes  in  12-foot  lengths, 
up  to  4  mches  diameter. 
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Wrought  Iron  or  Steel  Welded  Pipe. — ^Por  conveying  steam, 
gas,  air,  and  water  under  pressure,  wrought  iron  and  steel  pipes 
are  largely  used.  There  is  a  difference  of  opinion  as  to  the 
superiority  of  the  one  material  over  the  other,  especially  in  the 
matter  of  corrosion. 


l^[G.  4,046.— Irotp  weld  proceBB,  The  skelp  used  in  making  lap  welded  tubes  is  rolled  to  the 
necessary  width  and  gauge  for  the  size  tubes  to  be  made,  the  edges  being  scarfed  and  over- 
lapped when  the  skelp  is  bent  into  shape,  thus  giving  a  comparatively  large  welding  surface, 
compared  with  the  thickness  of  the  plate.  The  skelp  is  first  heated  to  redness  in  a  "betiding 
furnace,"  and  then  drawn  from  the  front  of  the  furnace  through  a  die,  the  inside  of  which 
gradually  assumes  a  circular  shape,  so  that  the  skelp  when  drawn  through  is  bent  into  the 
form  of  a  tube  with  the  edges  overlapping  as  shown.  The  skelp  so  formed  is  heated  evenly 
to  the  welding  temperature  in  a  regenerative  furnace.  When  the  proper  temperature  is 
obtained ,  the  skelp  is  pushed  through  an  opening  in  the  front  of  this  furnace  into  the  welding 
rolls,  passing  between  two  rolls  set  one  above  the  other,  each  having  a  semi-circular  groove, 
so  thjat  the  two  together  form  a  circular  pass.  Between  these  rolls  a  mandrel  is  held  in  posi- 
tion inside  the  tube,  the  lapped  edges  of  the  skelp  being  firmly  pressed  together  at  a  welding 
heat  between  the  mandrel  and  the  rolls.  The  tube  then  enters  a  similarly  shaped  pass  to 
correct  any  irregularities  and  to  give  the  outside  diameter  required.  It  will  be  noted  that 
the  outside  diameter  is  fixed  by  these  rolls;  any  variation  in  gauge,  therefore,  makes  a  pro- 
portional variation  in  the  internal  diameter.  This  also  applies  to  butt  weld  pipe.  Finally* 
the  tube  is  passed  to  the  straightening,  or  cross  rolls,  consisting  of  two  rolls  set  with  their 
axes  askew.  The  surfaces  of  these  rolls  are  so  curved  that  the  tube  is  in  contact  with  each 
for  nearly  the  whole  length  of  the  roll,  and  is  passed  forward  and  rapidly  rotated  when  the 
rolls  are  revolved.  The  tube  is  made  practically  straight  by  the  cross  rolls,  and  is  also  given 
a  clean  finish  with  a  thin,  firmly  adhering  scale.  After  this  last  operation,  the  tube  is  rolled 
up  an  inclined  cooling  table,  so  that  the  metal  will  cool  off  slowly  and  uniformly  with9ut 
internal  strain.  When  cool  enough,  the  rough  ends  are  removed  bjr  cold  saws  or  in  a  cutting 
off  machine,  after  which  the  tube  is  ready  for  inspection  and  testing.  In  the  case  of  some 
sizes  of  double  extra  strong  pipe  (3  inch  to  8  inch) ,  made  by  the  lap  weld  process,  the  pipes 
are  first  made  to  such  sizes  as  will  telescope  one  within  the  other,  the  respective  welds  being 
placed  opp9site  each  other;  these  are  then  returned  to  the  furnace,  brought  to  the  proper 
neat,  and  given  a  pass  through  the  welding  rolls .  While  a  pipe  made  in  this  way  is,  in  respect 
to  its  resistance  to  internal  pressure,  as  strong  or  stronger  than  when  made  from  one  piece  of 
skelp,  it  is  not  necessarily  welded  at  all  points  between  the  two  tubular  surfaces;  however, 
each  i)iece  is  first  thoroughly  welded  at  the  seam  before  telescoping. 
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Some  think  that  the  cinder  which  remains  in  the  wrought  iron  breaks 
up  the  continuity  of  the  metal  and  tends,  to  retard  corrosion,  while  others 
believe  there  is  little  or  no  difference  in  the  rust  resisting  qualities  of  the  two 
materials.  However,  judging  from  the  amount  of  printed  matter  that  has 
been  circulated  by  manufacturers  of  steel  pipe,  thev  are  having  some  diffi- 
culty trying  to  convince  pipe  users  that  steel  pipe  wifi  resist  corrosion  as  long 
as  iron  pipe. 

Wrought  iron  pipe,  because  of  the  higher  cost  of  manvifacture,  has  been 
largely  displaced  by  steel. 


Pig.  4,947. — Butt  weld  proceaM.  Skelp  used  in  making  butt  welded  pipe  comes  from  the 
rolling  department  of  the  steel  mills  with  a  specified  length,  width  and  gauge,  according  to 
the  size  pipe  for  which  it  is  ordered.  The  edges  are  slightly  beveled  with  the  face  of  the 
skel^,  so  that  the  surface  of  the  plate  which  is  to  become  the  inside  of  the  pipe  is  not  quite 
as  wide  as  that  which  forms  the  outside;  thus  when  the  edges  are  brought  together  they  meet 
squarely,  as  shown.  The  skelp  for  all  butt  welded  pipe  is  heated  unif9rmly  to  the  welding 
temperature,  in  furnaces  similar  in  general  construction  to  those  used  in  lap  welding.  The 
strips  of  steel  when  properly  heated  are  seized  by  their  ends  with  tongs  and  drawn  from  the 
furnaces  through  bell  shaped  dies^  or  rings.  The  inside  of  these  dies  is  so  shaped  that  the 
plate  is  gradually  turned  around  into  the  shai>e  of  a  tube,  the  edges  being  forced  isciuarely 
together  and  welded .  For  some  sizes,  the  pipes  are  drawn  through  two  rings  consecutively  at 
one  heat,  one  ring  being  just  behind  the  other ,^  the  second  one  being  of  smaller  diameter  than 
the  first.  The  pipes  are  then  run  through  sizing  and  cross  rolls  similar  to  those  used  in  the 
lap  weld  process,  obtaining  thereby  the  correct  outside  diameter  and  finish.  The  pull  reauired 
to  draw  double  extra  strong  (hydraulic)  pipe  by  this  process  is  so  great,  on  account  of  the 
thickness  of  the  skelp,  that  it  is  found  necessary  to  weld  a  strong  bar  on  the  end  of  the  skelp, 
thereby  distributing  the  strain.  With  this  bar  the  skelp  is  drawn  through  several  dies  of 
decreasing  size,  and  is  reheated  between  each  draw  until  the  seam  is  thoroughly  welded. 
It  is  evident  that  the  skelp  is  put  to  a  severe  test  in  this  operation,  and,  unless  the  metal 
be  sound  and  homogeneous,  the  ends  will  most  always  be  pulled  off. 

The  term  "wrought  iron  pipe"  is  often  erroneously  taken  to  refer  to 
pipes  made  to  Briggs  standard  sizes,  rather  than  of  the  material,  hence 
discriminating  buyers  are  cautioned  to  emphasize  the  fact  that  they  want 
iron  instead  of  steel  pipe,  by  asking  for  ** genuine  wrought  iron"  or  guaranteed 
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wrought  iron  pipe.  It  is  customary  for  manufacturers  to  stamp  each  length 
of  such  pipe  as  genuine  wrought  iron  to  distinguish  it  from  steel,  and  no 
wrought  iron  pipe  shotild  be  accepted  as  such  without  the  stamp. 

The  standard  system  for  wrought  iron  and  steel  pipes  which 
is  now  universally  employed  was  established  by  Robert  Briggs. 
It  was  formally  adopted  by  the  "Association  of  Manufacturers 
of  Wrought  Iron  Pipe  and  Boiler  Tubes  in  the  United  States," 
at  their  meeting  in  Pittsburgh,  October  27,  1886,  and  also 
adopted  by  the  ** Association  of  Manufacturers  of  Brass  and  Iron 


SIZE 


STANDARD 


EXTRA 
STRONG 


DOUBLE 
EXTRA  STRONG 


Vq. 


^ 


1 


Pigs.  4,948  to  4,956. — Three  sizes  of  standard,  extra  strong,  and  double  extra  strong  welded 
pipe  fthowing  relative  thickness;  about  half  size. 

Steam,  Gas  and  Water  Works  of  the  United  States,"  at  their 
convention  in  New  York,  December  8,  1886. 

Wrought  iron  and  steel  pipe  are  made  in  three  different 
thicknesses,  known  as: 

1.  Standard. 

2.  Extra  strong. 

3.  Double  extra  strong. 
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The  increased  thickness  is  obtained  by  decreasing  the  internal  diameter, 
that  is,  for  a  given  size,  the  external  diameter  is  the  same  for  all  three  thick- 
nesses. 

The  size  of  iron  and  steel  piping  is  specified  in  terms  of  the  nominal 
inside  diameter.  For  standard  pipe,  the  actual  inside  diameter  is  usually- 
greater  than  the  nominal,  especiafly  on  the  smaller  sizes,  but  in  the  extra 
strong,  and  especially  in  the  double  extra  strong,  the  internal  diameter  is 
less  than  the  nominal  size.  The  thickness  of  the  waU  and  the  weight  per 
linear  foot  of  piping  varies  on  account  of  the  difficulty  in  securing  uniformity 
in  the  process  of  manufacture.  It  is  assumed  to  be  permissible  for  standard 
weight  pipe  to  vary  from  5  per  cent,  above  to  6  per  cent,  below  the  standard 
weight. 

A  class  of  pipe  known  as  merchant  pipe,  which  is  ordinarily  carried  by 
jobbers,  is  almost  invariably  from  5  to  10  per  cent,  under  the  nominal  weight. 


Figs.  4,057  and  4,958. — Straight  and  spiral  riveted  steel  pipe 


In  specifying  pipe,  therefore,  it  should  be  stated  whether  "merchant"  full 
weight,  extra  strong,  or  double  extra  strong  pipe  is  required. 

Welded  pipe  is  submitted  to  the  following  hydraulic  test  presstires: 
from  J/^  to  2  inches,  700  pounds;  from  2}^  to  3  inches,  800  pounds;  from 
3J^  to  8  inches,  1,000  pounds;  9  and  10  inches,  900  pounds;  11  and  12 
inches,  800  pounds;  13  and  14  inches,  700  pounds;  15  mches,  600  pounds. 
Sizes  up  to  and  including  3  inches  are  butt  welded;  larger  sizes  are  lap 
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Riveted  Steel  Pipe. — Large  pipes  are  frequently  made  up 
of  steel  plates  with  riveted  joints,  the  seams  being  either  longi- 
tudinal and  circumferential,  or  spiral. 

Rivetedjjipe  is  frequently  used  in  large  hydraulic  installations  where  the 
ordinary  pipe  siaes  would  be  of  insufficient  capacity  for  the  volume  of  water 

rsing  through  them.    The  helical  seam  riveted  pipe  was  invented  by  John. 
Root,  and  by  him  termed  "spiral  riveted  pipe." 

The  helical  seam  makes  it  possible  to  obtain  in  a  riveted  pipe  practically 
the  full  strength  of  the  plate,  whereas  with  a  longitudinal  nveted  seam,  60 
to  65  per  cent,  of  the  strength  of  the  plate  is  all  that  is  usualljr  obtained. 
They  may  be  joined  by  flanges  of  cast  or  pressed  steel.  These  flajjges  are 
riveted  to  the  ends  of  the  pipe.  The  riveted  ends  are  caulked,  and  then 
the  pipe  is  generally  galvanized. 


Fig.  4,»59. — Cast  iron  pipe  with  bell  and  spigot  ends  proportioned  Bccordiog  to  the  American 
Society  for  Testing  Miiteriab. 

Cast  Iron  Pipe. — This  kind  of  pipe  is  made  with  either  flanged 
or  bell  and  spigot  ends. 

Pipe  Fittings. — There  are  a  multiplicity  of  parts  used  for 
connecting  pipes  in  various  ways,  and  known  as  fittings.  The 
material  used  in  the  manufacture  of  these  fittings  may  be  cast 
iron,  wrought  iron,  malleable  iron,  or  brass,  as  is  best  suited  to 
the  service  requirements. 

The  smaller  sizes  have  screwed  joints,  and  the  larger  sizes  flanged  for 
bolting  them  to  the  flanges  on  the  pipes  to  which  they  are  connected. 


A 
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Cast  iron  fittings  are  made  either  with  screw  or  flange  joints;  malleable 
iron  fittings  are  made  of  the  screwed  type  only. 

The  normal  size  of  a  fitting  corresponds  to  the  size  of  the  pipe  for  which 
it  is  intended. 

Figs.  4,960  to  4,9?4  show  different  kinds  of  screwed  fittings,  and  4,975 
to  4,994,  various  flanged  fittings.  The  subject  of  fittings  is  considered 
in  greater  detail  in  Volimie  7,  in  the  chapter  on  "Pipe  and  Pipe  Fittings." 


Q 
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CWt*.  CROM.WlTHtlOIOtfTUr.     CROM.  RKOUCINQ.     CIIOM,  REOVCINO.      45*  Y. 

Pigs.  4,960  to  4,974. — ^Various  screwed  pipe  fittings. 


Calculation  of  Pipe  Sizes. — To  eflftciently  convey  steam  or 
water  through  a  pipe  tinder  pressure,  the  pipe  must  not  be  too 
small  or  there  will  be  an  undue  drop  in  pressure,  nor  too  large, 
in  the  case  of  a  steam  pipe,  because  of  the  increased  condensation. 

For  steam  mains  of  short  or  medium  length,  the  usual  practice 
has  been  to  proportion  pipes  for  a  velocity  of  8 ,000  feet  per  minute 
for  the  steam  supply  to  engine,  and  4,000  feet  per  minute  for 
exhaust  pipe  based  on  cylinder  displacement.  These  values 
being  for  saturated  steam,  being  increased  about  20  per  cent,  for 
superheated  steam. 


Example, — ^What  size  steam  and  exhaust  pipes  are  suitable  for  an  8  X 10 
engine  running  250  revolutions  per  minute  with  saturated  steam.** 
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PirtMUMed-aOXa  X250+ia-*18.7  ft.  Mr  minute,  .M.    Steam  pipe -60.27  X«  8.7 
+8.000-3^W.mi,    Nea™at»i»iromUbb(piigo2,S(M).  IMm. 

Numerous  experiments  have  been  made  by  different  authorities 
to  determine  the  flow  of  steam  through  pipes,  and  tables  prepared 


4,S01. — Varioui  standard  ;tiui((d  fittings,  mliicf nff  teea  and  ci«s«i;  American 
i  RCDUCINO  TEES  AND  CROSSES— Short  Body  PatUrn 
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from  formtilae  based  on  these  experiments,  of  which  the  following 
from  Babcock  and  Wilcox's  Steam  is  generally  accepted. 

Flow  of  Steam  Through  Pipes 


Diameter  t  of  Pipe  in  Inches.         Length  of  Pipe  > 

■  24/0  Diameters 

X 

I 

iK 

2 

>H 

3  • 

4 

■    s 

6 

8 

la 

la 

«s 

iS 

Weight  of  Steam  per  Minute,  in  Pounds,  With  One,  Pound.  Lou  of  Pressure 

1 

l.l'6 

2.07 

57 

10.27 

»543 

25.3S 

46.S5 

77-3 

"59 

211.4 

3411 

503.4 

804 

"77 

10 

1.44 

2-57 

7» 

12.72 

19.15 

3»-45 

58-05 

95-8 

143-6 

262.0 

422.7 

622.5 

996 

1458 

20 

1.70 

302 

83 

14.94 

22.49 

36-94 

68.20 

1 1 2.6 

1687 

307-8 

496.5 

73»-3 

1170 

1713 

30 

1.91 

3-40 

9-4 

16.84 

25-35 

41-63 

76.84 

126.9 

190.1 

346.8 

559-5 

824.1 

1318 

1930 

40 

2.10 

374 

10.3 

18.51 

27.87 

45-77 

84.49 

«39-5 

209.0 

381.3 

^'5-3 

906.0 

1450 

2122 

50 

2.27 

404 

II  2 

20,01 

30«3 

49-48 

9«-3+ 

150.8 

226.0 

412.2 

665.0 

979-5 

1567 

2294 

60 

2.43 

4-33 

119 

21.38 

32.19 

52.87 

97.eo 

161.1 

241.5 

440.5 

7106 

1046.7 

>675 

245« 

70 

*-57 

4.58 

12.6 

22.65 

34«o 

56.00 

'03-37 

170.7 

255.8 

4665 

7527 

1108.5 

1774 

2596 

80 

271 

4.82 

133 

23.82 

35-87 

58.91 

108.74 

»79S 

269.0 

49Q-7 

791. > 

1166.1 

•1866 

273* 

90 

2.83 

5.04 

139 

24.92 

37-52 

61.62 

"3  74 

187.8 

281.4 

5*3-3 

828.1 

1219.8 

1951 

2856 

100 

2-95 

525 

MS 

25.96 

39-07 

64.18 

11847 

195.6 

293.1 

534.6 

8626 

1270.1 

2032  . 

»975 

130 

3»6 

5-63 

»5-5 

27.85 

4193 

68.87 

127.12 

409.9 

3»4.5 

573-7 

925^ 

>  363.3 

21S1 

3*93 

.50 

3-45 

6.14 

17.0 

30-37 

45-72 

7509  J 

138  61 

238.8 

343-0 

6255 

1009.2 

1486.5 

2373 

3481 

*  D,  the  density,  is  taken  as  the  mean  of  t)ie  density  at  the  initial  and  final  prettures. 
t  Diaineten  up  t6  5  inches,  inclusive,  are  actual  diameters  of  standard  pipe 


Example, — ^A  30  horse  power  engine  operates  on  20  pounds  of  steam  per 
horse  power  hour.  What  size  steam  pipe  should  be  used  for  a  pressure 
drop  of  one  pound  between  engine  and  boiler  using  steam  at  80  pounds 
boiler  pressure? 

Total  steam  per  minute  =  (30X20)  -5-60  =  10  pounds 

Referring  to  the  steam  flow  table,  the  two  nearest  values  are  4.82  pounds 
for  a  1  inch  pipe  and  13.3  pounds  for  a  1 3^  inch  pipe,  accordingly  a  1  Ji  inch 
pipe  (not  listed),  nearer  the  correct  size  than  either  the  1,  or  1^  inch  size. 


L 


Piping  Methods. — ^With  the  proper  size  of  pipe  to  be  used 
determined,  assembling  of  pipes,  fittings  and  valves,  should  be  so 
arranged  that  there  will  be  provision  for: 

1.  Drainage. 

2.  Removal  of  condensate. 
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3.  Expansion, 
and  the  system  should  be  properly  protected  against  water  ham- 
mer and  vibration. 

Pipes  and  their  fittings,  as  a  rule,  will  withstand  a  stress  of 
from  six  to  ten  times  the  pressure  under  which  they  are  intended 
to  work;  nevertheless  constant  annoyance,  danger,  and  sometimes 
wholesale  disaster,  is  caused  by  steam  pipes  and  their  fittings. 


Fio.  *,995. — View  of  enginB  and  condenfler,  showing  how  to  arrange  the  japing  to  secan 
good  vacuum.  Locale  ihe  amietistr  as  near  U(  enjiBc  as  possibli:  uie  eatg  bendt  insUoi 
cfMows:  placttkipumpbebnelKillomcfcoKdtiuinothtiiiaUr  mil  drain  to  pump.  At  A.  k 
a  relief  valve,  for  protection  in  caie  the  condenser  become  flooded  through  failure  of  the  pamj 
and  at  B.  is  a  gata  valve  to  shot  off  condenser  in  case  atmospheric  eihaust  be  desired  to  permii 
lepairsto  bemsde  tocondenserdmingopelation.  A  ipatar  aeaf  should  be  maintained  oi 
the  relief  valve  and  ipecial  attention  AaM  In  ghm  to  Uh  stugint  box  of  the  sate  valm  It 
prmvant  air  Uakaga.    Thedi3chartitBht<ilhepumf»lu)iiidheiiiaUrsaded. 
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HEADER. 


CRANE  GIRDER 


ENGINE 


Fig. 


[G.  4.906.^— Ob jectioziable  arrangement  of  piping:;  it  is  arransed  thus  in  order  to  carry  the 
bend  D,  underneath  the  crane  girder  in  the  engine  room.  It  is  objectionable  because  when 
sate  valve  A  on  any  boiler,  is  dosed,  bend  B  will  gradually  fill  with  condensate,  the  column 
ai  water  being  driven  over  into  main  when  A  is  reopened.  If  engine  be  cut  out  of  service 
by  closing  valve  E,  leaving  C  open;  bend  D  will  fill  up  with  water  which  will  pass  intolthe 
cylinder  when  E  is  reopened.  If  both  E  and  C.  be  closed,  water  will  collect  in  main  above  C. 
Whenever  a  valve  forms  a  water  pocket  in  a  steam  line,  as  A,  C,  and  E,  the  valves  should  be 
•drained  from  above  the  seat. 


j^LTERWATC  SCHEME  WITH 
ANGLE  (SLOBE  valve 


CRANE  GIROEP 

E 


ENGINE 
DIVISION   WALL 


m^m^^mmi^. 


Pig.  4,907. — Proper  arrangement  of  piping.  In  this  arrangement,  condensation  on  bend  C 
will  drain  iijto  main;  the  same  result  is  obtained  using  angle  valve  (dotted  lines)  instead  of  B. 
Valves  placed  at  some  distance  as  H,  above  boiler  nozzle  shoxdd  be  anchored  to  prevent 
vibration.  Any  leakage  through  angle  valve,  or  B,  will  fill  bend  E  with  condensate,  hence 
the  necessity  of  a  separator  G,  placed  close  to  the  cylinder. 
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solely  because  of  false  erections,  and  to  any  one  or  a  combination 
of  the  following  troubles  may  be  attributed  to  the  break  down: 

Water  Bammer. — The  exact  nature  of  the  phenomenon,  known  as 
"waterliammer"hasneverbeenclearly  defined,  though  its  eSecta  are  only 
too  well  known  to  every  engineer,  the  cause  arising  from  an  accumulation  of 
condensed  steam  in  the  pipes  or  fittings.  Should  steam  be  suddenly 
admitted  to  a  pipe  partly  filled  with  cold  water,  the  latter  will  be  set  in 
violent  motioa  and  travel  the  length  of  the  pipe  m  the  form  of  waves  and 
wUl  gain  suSident  velocity  to  ruptnre  any  valve,  blank  flange,  or  other 
obstruction  in  its  path. 

Expansion  of  Pipe 

IncreBio  in  Length — Inchei  per  100  Pee( 


the  incominff  steami  tor 
instance,  if  the  valve  con- 
trolling the  entrance  ot  the 
Bleam  to  a  pipe  partly  filled 
with  water  be  opened  Bud- 
deoly,  »  violent  explosion 
is  almost  certain  to  follow, 
hut  a  the  valve  be  opened 
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Expansion, — To  expansion  and  contraction  can  be  attributed  most  of 
the  trouble  arising  from  leaky  joints.  Too  much  stress  cannot  be  laid  on 
the  importance  of  proper  provision  for  expansion,  nevertheless  the  same 
is  often  overlooked. 

Bends  are  frequently  used  to  take  up  expansion  strains,  and  the  ntimber 


WRONG  WAY 


RIGHT 
WAY 


Figs.  4,008  and  4.000. — Points  on  placinsr  stop  valves.  The  first  and  most  important  feature 
is  to  ascertain  sehether  the  valve  will  act  as  a  water  trap  for  condensed  steam.  Fig.  4.008 
illustrates  a  common  error  in  the  placing  of  valves,  as  this  arrangement  permits  an  accu- 
mulation of  condensed  steam  above  the  valve  when  closed,  and  should  the  ennneer  be 
careless  and  open  the  valve  suddenly,  serious  results  might  follow  owing  to  water  nammer 
Fig.  4 ,000  illustrates  the  correct  method  of  placing  the  viuve.  It  sometimes  occurs ,  however, 
that  it  is  not  convenient  to  place  the  valve  as  shown  in  fig.  4.000  and  that  fig.  4.008  is  the 
only  manner  in  which  the  valve  can  be  placed.  In  such  cases ,  the  valve  should  have  a  drain , 
and  this  drain  should  always  be  opened  before  the  large  valve  is  opened. 


Figs  .  6 ,000  and  5 ,001 . — Ordinary  expansion  joint .  /*  conaiatM  of  a  recessed  portion  on  one 
part  of  the  joint  into  which  the  other  fits,  the  enlarged  part  forming  a  stuffing  box.  The 
tie  rods  connecting  the  two  flanges  prevent  the  steam  pressure  forcing  the  two  ends  c^Mtrt 
especially  if  it  contain  a  bend  or  elbow. 
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Want  of  Alignjncnt. — This  sometimes  causes  trouble  by  throwing 
excessive  strains  on  the  flanges  of  stop  valves,  separators,  etc.,  and  is 
brought  about,  as  a  rule,  by  the  flanges  having  been  forced  into  contact 
with  each  other  by  means  of  the  joining  bolts  instead  of  fitting  into  place 
as  they  should. 

The  flanges  of  modern  steel  pipes  and  valves  are  usually  of  ample  thick- 
ness, and  if  they  do  not  come  together  fairly,  they  should  be  taken  down  and 
replaced  and  a  thin  ring  of  metal  put  in  to  make  op  the  length,  if  necessary. 


ig  bores  aifi  requiied  with  thb . 


St  oa  the  eleeve  aiid  wbKb  preveats  the  ti 
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When  erecting  heavy  pipes,  every  length  should  be  placed  in  position 
aod  properly  supported  and  leveled  by  its  own  slings  and  brackets,  when 
it  will  usually  be  found  that  several  lengths  have  to  be  altered  before  the 


Fio.  SflOe. — Badger  RHTuiratact  cipaasipa  jwnt.    It  Is  made  e*  eomigBted 


Qs.  SJXR  to  S.OOS.— Eipsnaion  bends.    Whec  the  line  is  not  too  long  and  then  is  Buffident 
ipace  this  forms  a  good  means  of  providing  for  eipanskin.    The  figMBs  sh"    - 
arranged  in  oaraEEcr,  although  one  la-rae  pipe  may  be  And  is  frequently  use* 
requinna  of  course  a  larger  radius  of  bend  I'        ■'  ..'..■ 


'  used ,  the  single  pipe 
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flange  faces  come  into  alignment,  and  not  until  this  has  been  done  and  every 
pair  oC  flanges  inspected  by  some  responsible  person,  should  the  various 
lengths  be  bolted  together  permanently. 

Vibration. — When  a  number  of  small  or  moderate  sized  engines  are 
connected  with  the  same  pipe  system  and  stand  on  the  same  foiindation, 
or  at  least  in  the  same  building,  it  is  sometimes  difficult  to  prevent  the 
pipes  vibrating  and  at  the  same  time  insure  the  necessary  freedom  for 
expansion  and  contraction .  The  pipes  should  therefore  be  arranged  in  such 
a  way  that  they  are  quite  free  to  move  in  one  direction,  parallel  with 
their  length,  movement  in  other  directions  being  restricted  as  far  as  possible. 


Fras.e.OlOftndS.Oll.T-Method  of  preventing  vi 
roller.     WUla'the  pfpT 


!3  or  on  top  (rf  the  pipe  to  prevEnt  vibration,  o 


Corrosion. — If  the  feed  water  contain  lime  salts,  the  latter  will  deposit 
n  the  econonuzer  and  feed  connection,  and  more  or  less  effectually  protect 
the  pipes  from  internal  corrosion,  but  if  the  water  be  free  from  lime,  and  air 
' '     '  '         lal  pitting  will  be  set  up  and  probably 


beintroduced  by  the  feed  pump ,  ir 
do  considerable  damage  before  it 
further  mischief. 


1  discovered  and  steps  ti 
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pipe  covering  will  set  up  pitting.  This,  however,  can  be  prevented  by 
painting  the  pipes  with  any  good  graphite  paint,  before  the  covering  is 
applied. 

Condensation. — To  clean  the  system  of  condensate,  the  piping  should 
be  arranged  according  to  the  following  suggestions: 

The  pitch  of  all  pipes  should  be  in  the  direction  of  the  flow  of  steam. 
Wherever  a  rise  is  necessary,  a  drain  should  be  installed.  All  main  headers 
and  important  branches  should  end  in  a  drop  leg  and  each  such  drop  leg 


«ift 


INCLINED  TOWARD  ENGIN£ 


RIGHT  WAY 


INCLINED  TOWARD   BOILER 


WRONG  WAY 
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Figs.  5,012  and  5,013. — ^Right  and  wrong  way  to  pitch  main  steam  pipe  between  boiler  and 
engine.  The  pipe  should  always  be  pitched  to  draw  toward  engine  as  in  fig.  5,012,  otherwise 
the  condensate  tending  to  return  to  boiler,  as  in  fig.  5,013,  is  opposed  by  the  flow  of  steam 
in  the  opposite  direction,  resulting  in  the  accumtilation  of  considerable  condensate  in  the 
pipe,  all  of  which,  on  a  sudden  demand  for  steam,  may  be  forced  into  the  cylinder  as  a 
solid  slug  of  water  with  probably  disastrous  results. 

and  any  low  points  in  the  system  should  be  connected  to  the  drainage  pump. 
A  similar  connection  should  be  made  to  every  fitting  where  there  is  danger 
of  a  water  pocket. 

Branch  lines  should  never  be  taken  from  the  bottom  of  a  main  header  but 
where  possible  should  be  taken  from  the  top.    Each  engine  supply  pipe 
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should  have  its  own  separator  placed  as  near  the  throttle  as  possible.  Such 
separators  should  be  drained  to  the  drainage  system. 

Check  valves  are  frequently  placed  in  drain  pipes  to  prevent  steam 
entering  any  portion  of  the  system  that  may  be  shut  off. 

Valves  should  be  so  located  that  they  cannot  form  water  pockets  when 
either  open  or  closed.  Globe  valves  will  form  a  water  pocket  in  the  piping 
to  which  they  are  connected  unless  set  with  the  stem  horizontal,  while  gate 


Pig.  5.021. — Auxiliary  h«aefer  system  of  piping.  Where  boilers  and  engine  are  located  as 
above  a  larger  header  is  required  than  in  fig.  5,020.  The  section  farthest  from  the  engine 
may  be  made  just  large  enough  to  serve  the  branch  connection  to  end  boilers,  and  its  size 
progressively  enlaiged  at  each  branch  connection.  The  reverse  treatment  may  be  applied 
to  the  header  serving  the  engines,  thlis  reducing  radiation  suiface  and  cost. 
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valves  may  be  set  with  the  spindle  vertical  or  at  an  angle.  Where  valves 
are  placed  directly  on  the  boiler  nozzle,  a  drain  should  be  provided  above 
them. 

High  pressure  drains  should  be  trapped  to  both  feed  heaters  and  waste 
headers.    Traps  and  meters  should  be  provided  with  by  passes.    Cylinder 
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Figs.  5,024  to  5,031. — Application  of  special  fittings  to  avoid  water  pockets  in  pipe  lines. 


drains,  heater  blow  offs  and  drains,  boiler  blow  offs  and  similar  lines  should 
be  led  to  waste.  The  ends  of  cylinder  drains  should  not  extend  below  the 
surface  of  water,  for  on  starting  up  or  on  closing  the  throttle  valve  with 
the  drains  open,  water  may  be  drawn  back  into  the  cylinders. 
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Acid,  dcf.,  2,332. 

Air,  cuing  funnel,  irurine  boiler,  ilL 
eipelfing  from  boiler,  ills.,  3,27^ 

pyrometer,  2.733. 
AlkaUei,  def..  2,332. 
Analysis  boiler  scale,  2,329. 

A.^.ilfa'BolleT  C^ri>,  biBct's,  2'm 
butt  straps,  thickness,  2,390. 
castLDjts,  pressiue,  2,434. 
ciustiing  atrenith,  2,390. 
furnace  stayiuB,  2,392* 
hand  bole  covers.  2.432. 
joints.  2,3S9,  2,402. 
manliote  covers,  2.432. 
Duteiuls,  selection,  2,432. 
pipes,  cmss  material,  2,433. 
plates,  2.390,  2,432. 
preasurc  maiimum.  2.390. 
rivets.  2.390,  2,433. 
Etas'  bolts,  load,  2,393,  2,133. 
superhuters,  materiHl,  2,434. 

tenule  strengtii,  2,390. 


B 


rd,  evaporator  and  distiller,  ills.,  2.783. 
anced  di^ustit,  combustion  contnl,  2.648 

control,  siuEle  cylinder,  ills.,  2,e4S. 

/an  conlrol.  Lis..  2.64$,  2,646, 2.648. 
regulator,  ma.,  2,648,  2.64S. 

operation,  ills.,  2,644. 

pressure  reeulator,  ills.,  2.64S.  2.646. 


tools,  ills.,  2,431,  2,353. 
Beniingte),  protection,  iUs.,  2.26S. 
Bell  and  spigot  ends,  pipe,  ills.,  2.80; 


ntugbt,  location,  2,634,  2;S40 

ler,'fijed,  iUs.,  2.738,  2.737. 

tnne.  installation.  2,640. 

d  fui-nace,  efficiency  and  capacity 


2.424,  2,426./" 

ins,  ills.,'2.^,  2,43'l. 


lb.,   U.<4V-A,fd' 

Ticnon,  ais.,  2.411,  2.BJ7. 
2,285,  2.388,  S.4D0,  2,407. 
r),  2,747-2,765,  2,776,  2,776, 


reguUloTs,  2,781-2.789. 
feii  utlir.  heaters,  2,774-2.782. 
regulator,  ills.,  2.762-2,784. 
tanks,  ills.,  2,738. 


II 
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feeding*  ills.»  2,311. 

Jiringf  bagasse  apparattis.  2.296* 

apparatiu,  powdex«d  fudit  2,293. 

Bureau  ofMinee  method,  2,279. 

coalf  dvat,  steam  boiler,  2,289. 

quantity  and  size  of»   2,283, 
2,284,  2,290,  2^05»  2,306. 
tar,  2,295. 

coke,  2,294. 

coldn^  method,  2,280.  2,281. 

combmation  results,  oiag.,  2,282. 
fuel,  bed,  objection,  2,302. 

li«ute,  2,294. 

0072,297. 

shavings,  2,297. 

straw,  2,!295. 

U,  S.  Navy,  2,289. 
Boiler  Codei,)  A.  S.  M.  E,,  ace  A.  8*  M.  E. 

Boiler  Code. 
Boiler  design,  2,387-2,416. 
ash  pan,  2,414. 
A,8.MJB.  Boiler  Code,  see  A.8.M.E. 

Boiler. Code. 
assembly  drawing,  Graham  through  tube 
vertical     boiler     for     steamer 
Stornowoay  II.,  ills.,  2,368. 
author's  dry  pii>e,  ills.,  2,368. 
baffle  plate,  ills.,  2,406. 
butt  joints,  2,389,  2,301. 
calculations,  2.412-2,416. 
coal  required,  2,388. 
collector,  ills.,  2,406,  2,409,  2,415. 
door  construction,  2,411. 
dryer,  ills.,  2,406,  2.407,  2.416. 
lire  door  opening,  ills.,  2,394. 
furnace,  2,392,  2,393. 

walls,  weight,  2,412. 
graUt  bars,  2,408,  2,409,  2,413,  2,414. 

surface,  2,389. 
joints,  2,389-2,393. 

A.S.M.E,  Code,  see  Joints, 
parts,  2.387. 
plate,  strength,  2,390. 
p;roportions,  2,387,  2,395. 
rivets,  2,415. 

seams,  straps,  calculation,  2,415. 
selection  of  type,  2,387. 
separator,  iUs.,  2,406,  2,407,  2,415. 
sheU,  dimensions,  2,388, 2,389,  2,412. 

section,  ills.,  2,393. 
smoke,  cone,  2,407,  2.408,  2,416. 

stack,  2,407,  2,408. 
stay  bolts,  2,415. 
steam,  outlet,  auxiliary,  2,404,  2,405. 

required,  2.387,  2,388. 
tubeijs),  calculations,  2,413. 

dimensions,  2,397-2,400. 

layout,  2,394,  2,397-2,400,  2,405. 

sheet,  detail,  2,401. 

layout,  2,398-2,400. 
tubular  proportions,  2.395. 
U.  S.  Marine  rule;  max.  pitch,  2,402. 
water  tube  boiler,  grate  surface,  2,389. 
weight,  2,411-2,416. 


Boiler  fixtures,  blow  off  cock,  2,692. 

blow  off  valve,  2,343, 2,344, 2.690-2.693. 

check  valves,  2,686-2,690. 

gauge,  cocks.  2,692,  2,693,  2,697,  2,698. 

steam,  2,704-2,709. 

water,  2,69fr-2,703. 
injectors.  2,710-2,720. 
fusible  plugs,  2,720-2,722. 
safety  valve,  see  Safety  valve, 
steam  gauge,  2,704-2,709. 
stop  valve,  2,684,  2,685. 
water,  column,  2, 703,. 2 .704,  2,705. 

gauge,  2.698-2.7()3. 
whistle,  2,722-2,726. 
hydrokmeter,  2,272,  2,273. 
location,  2,263. 
manholes,  purpose  of,  2,422. 
xnimp,  feed,  2,747. 
Boiler  operation,  and  repairs,  2,267,  2,268. 
bleeder,  use,  2,313. 
blow  off,  use,  2,343,  2,344. 
bulg^,  repairing,  2,349,  2,350. 
cleaning,  2,344. 
coal,  dust,  firing,  2,289. 

wetting,  2,308. 
corrosion,  2,323-2.327. 
cracks,  cause,  2.347,  2,349. 
cylindrical  furnace,  removing,  2,349. 
feed,  pump,  piping,  ills.,  2,313. 

water,  2,336-2,337. 
fire,  cleaning,  front  and  rear,   2,300, 

2.301. 
fire,  coaling,  2,272. 

lighting,  precaution,  2,272. 

starting,  des.,  ills.,  2,271. 

tending,  2.276. 

thickness,  2,301. 

tools,  ills.,  2,276. 
firing,  see  Boiler  firing, 
foaming,  2,316,  2.317. 
Galloway  tubes,  frac,  2,327,  2,328. 
girder,  use,  2,350. 
grate  bars,  overheating,  2,276. 
grooving,  causes,  2.348. 
heating,  uneven,  prevention,  2,273. 
incrustation,  2,323,  2,329. 
inspection,  2,268,  2,269,  2,270,  2,346. 

ills.,  2,378-2,386. 

U»  S.  Marine  rulee,  2,269. 
kerosene  scale  remover,  2,338. 
laying  up,  2,346. 
leakage,  causes,  2.352,  2,428. 
management ,  2 ,353. 
nipi)les,  rei>lacing,  method,  ills.,  2,354. 
oil,  indicating,  2,342. 

reducing  amount,  2,342. 
patch,  2,357,  2,358. 
patented  compounds,  2,338. 
pitting,  2,325.  , 

plates,  burned,  repairing,  2,350. 
pressure  drop,  chart,  2,278. 
priming,  2,316,  2,317. 

rapid  cooling,  effects,  2,276. 
repairing,  2,347. 
retubing,  2,355. 
rivets,  protection  of,  2,582. 
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III 


Boil«r  opmrmtionf— Continued 

room,  air  locksy  closed  stokehold,  2,637. 

ills.,  2.265. 
salinometer.  Long,  ills.,  2,334. 
scaUf  analysis,  2,329.  * 

eliminating.  2,329. 

feed  water  heating  pan,  ills.,  2,332. 

formation,  2,329. 

precipitated,  amount,  ills.,  2,331. 

prevention,  2,338,  2,339. 

removing,  2,346. 

tube(s)7iUs.,  2,330,  2,341. 
Scotch  soot  blower,  2,320.     ■ 
scum,  effects  and  removal,  2,339,  2,340. 
steaming,  2,271. 
tube  is)  f  cleaning,  2,323. 

lap  welded,  splitting,  2,355. 

leaky,  ills.,  2,351. 

sheet,  cracked,  repairing,  2,357. 

stopper,  apply,  2,351,  2.352. 
washing,  method,  2,345. 
water,  column,  connecting,  ills.,  2.309. 

feeding,  method,  ills.,  2,311,  2,313. 

gauge,  testing,  2,310. 
use,  2,275. 

leg,  corrosion,  ills.,  2,326. 

level,  false,  ills.,  2,308,  2.310,  2.315. 
low,  danger  of,  ills.,  2,315. 
stationary,  effect,  2,310. 

line  corrosion,  des.,  ills.,  2,325. 

softening,  2,342. 

tending,  2,309. 
water  tube,  steam,  raising,  2,311. 

zinc,  in,  use  of,  2,326. 
Boiler  selection,  2,361,  2,386. 
available  space,  ills.,  2,375. 
beading,  ills.,  2,381. 
braces,  diag.,  2,383. 
cauUdngf  2,379. 
combustion,  rate,  2,309. 
efficiency,  2,371. 
fuel,  nature,  2,369. 
hammer  marks,  dia^.,  2,380. 
heating  surface,  ratio,  ills.,  2.372. 
horse  power,  2,361. 
lugs,  diag.,  2,384. 
man^e,  cover  joint  surface,  diag.,  2.385. 

diag.,  2.385. 
nozzles  and  flanges,  diag.,  2,384. 
plate  edges,  ills.,  2.378. 
quality,  2,367. 
rivet,  heads,  ills.,  2,378. 

spacing,  diag.,  2,377. 
tube,  ends,  ills.,  2,382. 

sheets,  diag.,  2,383. 

spacing,  diag.,  2,380. 
types,  ills.,  2,374. 
.  water  tube,  efficient,  ills.,  2,371. 
Boiler  setting(s),  2,529-2.585. 
air  space,  2,564. 
arch(es),  cast  iron,  Bigelow,  ills.,  2.577. 

fire  brick,  Bigelow,  ills.,  2.579. 
various,  ills.,  2,556. 
back  connection,  2,562-2,565. 
blow  off,  connection,  2,560,  2,562. 
box  type,  iUs.,  2,550. 


BoiUr  settinff(s),— Con/m«etf 

brick(s),  2,551,  2,579. 

bridge  wall,  2,557,  2.559. 

buck  staves,  Uls.,  2,570. 

casing,  steam  boat,  C.  &  T..  ills.,  2,584. 
steel,  2,583. 

column,  Casey-Hedges,  ills.,  2,553. 

combustion  cnamber,  2,559,  ills.,  2,560. 

concrete,  solid,  ills.,  2,534. 

Dutch  oven,  ills.,  2,581,  2.582. 

expansion  provision,  2,553,  2,554. 

failure  of,  causes,  2,601. 

flush  front,  ills.,  2,536. 

footings^  2,539,  2,545. 

foundation,  2,533. 

front (s),  ornamental,  ills.,  2,573. 
,  various,  ills.,  2,571-2,572. 

horizontal  return  tubular,  2,532. 

iron  parts,  miscellaneous,  2,577. 

^acketted  top,  ills.,  2,569. 

joints,  sealing,  2,552. 

Kent  wing  wall  furnace,  ills.,  2,561. 

links,  suspension,  ills.,  2,557. 

marine,  horizontal,  ills.,  2,531. 

materials,  2,551-2,583. 

miscellaneous  fitting,  ills.,  2,578. 

overhanging  front,  ills.,  2,535. 

pitch,  ills.,  2,550. 

single  boiler,  bricks  for,  2,582. 

supporting,  Brownell,  ills.,  2,538,  2,540. 

suspended,  Brownell,  ills.,  2,542,  2,544. 

suspension,  beams,  iUs.,  2,581,  2,582. 
link,  expansion,  ills.,  2,555. 

types,  ills.,  2,567, 2,581, 2.582. 

vertical  stationary,  2,532. 

wall  reinforcement,  ills.,  2.570. 

water  tube,  ills.,  2,546-2,548. 

Western  river,  2,531-2,538. 
Boiler (,)  shell,  construction  of,  2,376-2,388. 

U.  S.  Marine  rulea^  2.209. 
Boiler,  smoke  extension,  tils.,  2.580. 

spectacle  piece,  ills.,  2,858,  2.359. 

stay  b(Ats^  ills.,  2.393. 
spacing,  ills.^  2.392. 

strains,  from  rapid  cooling,  2.276. 

suspension  loops,  protection,  2.582. 

tubular.  Wicks,  ills.,  2.418. 

vertical,  2.368,  2.370. 

water  tube,  horizontal,  ills.,  2,450. 
rating,  2.648. 
weight(s),  2,376,  2,411-2.416. 

workmanship,  2,376-2.380. 
Braces,  diag.,  2.383. 
Breeching,  chimney,  2.614. 
Brick(s),  see  Boiler  settingCs),  brick(,s). 
Brine,  pump,  ills.,  2.783. 
Bureau  of  minee,  firing   methods,  2,279, 

2,303. 
By  XMtss,  boiler  feed  pump,  ills.,  2,311. 

hot  well,  ills.,  2.746. 


C 


Carbonate,  def.,  2,332. 
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Caustic  sodat  how  to  maker  2.338. 

pump,  three  stage*  feed,  ills..  2,754. 
Chainy   gratet  stokers.     See   Stokers   chain 
grate. 

oil  burner,  ills.,  2,496,  des.,  2,497. 
Chemical,  terms,  2,331-2,334. 
Chimney  (s),  battery,  calculation,  2,595. 

breaking,  2,614. 

capacity,  altitude,  effect,  2,608,  2,634. 

concrete,  ills.,  2,603,  2,605. 

construction,  ills.,  2,602-2,614, 2,643. 

draught.    See  Draught,  chimney. 

for  oil  fuel,  2,599. 

foundation,  ills.,  2,602. 

object,  2,585. 

requirements  of,  2,615,  2,616. 

sizeis),  2.593,  2,597,  2.643. 
forced  draught,  2,634. 
proportions,  ills.,  2,603,  2,604. 
table,  2,598. 

smoke  connection,  2,612-2,614. 
Chimneys  and  stacks,  2,585-2,614. 
Chloride,  def.,  2,332. 
Circulating  pump,  ills.,  2,774. 
Coal(s),  characteristics,  2,650. 

draught  required,  2,650,  2,652. 
table,  2,621. 

dust,    boiler   operation,    firing,    2,280, 
2,293. 

evaporation,  water,  boiler,  2,754. 

mechanical  stokers  best  for,  2,464. 

quantity,  firing,  boiler  operation,  2,283. 

tar  firing,  boiler  operation,  2,295. 

various,  combustion  rate,  2,649. 

wetting,  2,287,  2,308. 
Coking,  bituminous  coal,  2,280,  2,650. 
Combustion,  draught,  required,  2,619-2,622. 

efficiency  smoke  indications,  ills.,  2,305. 

grate  area,  rate,  2,369,  2,370,  2,373, 
,  2,388,  2,389. 

improving,  2,449. 

incomplete,  2,448. 

increasing,  2.303-2,306. 

inefficient,  causes,  2,279. 

results,  firing,  diag.,  2,282. 
Concrete,  2,548,  2.603. 
Condensate,  hot  well,  2,746. 
return,  ills.,  2,780. 

how  removed,  2.314. 

piping  for,  2 ,  265. 
Condensation,  oil  separation,  2,742. 
Corrosion,  and  rust,  boilers,  2,323-2,327. 

pipe,  steam,  2,815. 
Cracks,  boiler,  2,347,  2,349. 
Crane,  expansion  joint,  swivel,  ills.,  2,813. 
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Damper  (s) , — Continued 

furnace,  pressure  control,   ills.,   2,645, 
2,646,  2,648. 

regulators,  2,731,  2,732. 
Davidson,  evap.  and  distil,  apparatus,  2,783. 
De  Laval  feed  pump,  ills.,  2,754. 
Detroitt  overfeed  mech.  stoker,  ills.,  2,467. 
Diamond,  oscillating  soot  blower,  ills.,  2,320* 

sliding  marine  soot  blower,  ills.,  2,319. 
Differential,  steam  trap,  2,788,  2,791,  2,794. 
Displacement,  feed  water  reguUitor,  2,761. 
Door(s),  ash  pit,  boiler,  2,276. 

construction,  boiler,  ills.,  2,411. 

engine  room,  2,265,  2.266. 

fire,  2,445,  2,576. 
Drain (s),  condensate,  2,264,  2,265,  2,816. 

high  pressure,  steam,  2,820. 
Draught,  balanced,  see  Balanced  draught. 

boiler  operation,  poor,  ills.,  2,266. 

chirnney,  2,589,  2,616-2,618,  2,619. 
available,  2,592. 
table,  2,588. 

combustion,  2,619-2,622. 

control,  automatic,  2,600. 

down,  furnace,  2,455,  ills.,  2,456. 

fan,  turbine,  ills.,  2,633. 

gauge,  auxiliary  apparatus,  2,728-2.730. 

heat  loss,  2,616,  2,617. 

how  measured,  2,587. 

jet  blower,  2,633. 

losses,  2,591. 

mechanical,  see  Mechanical  draught, 
forced,  see  Forced  draught. 

pressure,  2,622. 

rated  capacity,  furnace,  2,652.  . 

regulating,  2,295,  2,450. 

required,  coal,  2,443,  2,650. 
coal,  2,652. 

different  fuels,  2,443,  2,619-2.621. 
economizer,  2,647,  2,649. 
horse  power,  fuels,  2,650-2,652. 

table,  chimney,  2,503. 

temi)erature,  effect  of,  2.621,  2,622. 


E 


Damper(s),  boiler,  bal.  draught,  ills.,  2,646. 
closed  ash  pit  systemf  ills.,  2,651. 
control,  balanced  draught,  ills.,   2,645, 
2,646,  2,648. 
forced  draught,  ills.,  2,647,  2,648. 


Economizer,  Green  installation,  ills.,  2.781. 
2,782. 

boiler  plant  design,  ills.,  2,643. 

draught,  2,637,  2,591. 

fuel,  2,618-2,622. 

induced,  2,642. 

tube  stopper,  ills.,  2,352. 

water  gauge,  ills.,  2,700. 
Engine,  see  Steam  engine. 

driven,  feed  pumps,  ills.,  2,747,  2.748. 
pumps,  2,312,  2,747-2,749. 
Engineers'  tests  for  impure  feed  water,  2.335. 
Evaporating,  and  distilling  appa.,  ills.,  2.783. 

and  heating  surface,  ratio,  2,373. 
Evaporation,  fuel  required,  2,373. 
Expanding  tubes,  boiler  btulding,  2,431. 
Expansion,  bends,  steam  piping,  ills.,  2,814. 

joint,  pipe,  balanced,  ills.,  2,813. 
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Eipa  niton ,  Join  t,  — CoHtinutd 

steam  piping,  ilk.,  2.812--2,8I4. 
suam,  pitHDg,  2,S12-2.B1G., 

trap,  part8,ill3.,2.7SS,  2.TS1, 2,702. 

F 

Peed,  pipe,  boiler,  location,  ills.,  2,550. 

pump,  see  Boiler  feed  pumfi. 
Feed  water,  boiler,  impnn.  2.33G. 

mntsmination,  oil,  2,777. 

heater,  see  Heaten,  JhJ  vaUr. 

heating  pons,  icale,  3U..  2,332. 

meter?),  2.T0B,  2,772. 

oil  separator,  ills..  2,777. 

Purifiir.  scale,  2,777, 

Hteam,  line.  Hopper,  ills.,  2,338. 

quahty,  2.306,  2.747. 

rtt^l'lors,  auiuUary  appaistua,  2.761. 
direct  control,  lUs.,  2.763,  2,765. 

evB^pomtion,  2.764,  2.766, ' 
eipansian,  ills..  S,765. 
specific  grevity  body,  2,762,  2,763. 
tanli,  ills.,  2.^3. 
temperature,  density,  2.747. 
Fater,  oil.  boiler,  ills.,  2.741-2,71fl. 
PiiB,  hricli,  raateriab,  2,551. 

Bhapes  and  dimensions,  ills.,  2,A&5, 
2,566,  2,568. 
door,  2,44S,  2.577. 

types  o£  openinEs,  2,393,  2.304. 
various,  ills..  2.576. 
Fittings,  boiler,  classification,  2.654. 
fipf,  dicnen^ions,  2,307. 

screwed,  'ills'.,  2.S06. 
Flo*.  meUis,  ills.,  2.768-2,773. 
Forced  draught,  air  distribution,  2,652, 

amnBements,  ills.,  2.627. 

blower  and  damper  control,  2,647, 2,648. 

boiler,  capacity,  2,638. 

chimney,  2,562,  2,634. 

closed  ash  pit  system,  2.S5I. 

cosl,  disugnt  required,  2.S52. 

conditions  for,  cost,  2.635. 

IIow^  dosed^t  pit,  iils.,  2,6S2. 
I  marine,  closed  stokehold,  ills..  2,637. 

steam  required,  2,652. 
Foundation (e)>  boiler,  ills..  2.S50. 

chimneys  and  stacks,  ills.,  2.602, 2.603. 

crali,  area,  2,652. 

for  various,  2.440-2.443. 

horse  power,  draught  req..  2,650-2,652. 

oil,  see  Oil,  fuel. 
Pumace,  see  Bailer  settings. 

G 

Gauge  cocks,  2,692,  2,603. 

compression,  ills.,  2.6S3,  2,694,  2,608. 


Gauge,  draught,  auiilisry  apparatus,  2.728. 
Slam,  3>04-2,710.    , 


II,  ills.,  2,387-2,416. 
steamer  Atlantic  Cllg,  method  of  firing 

ting,  blower  engine,  ills',  2,628. 
Grate,  air  space  area,  2.443. 

'ratio  to  heating  surface,  2,624. 
Jon,  conatmctLonTuls.,  2,403,  2,409. 
material  for,  2.442. 
overheatine,  2,276. 
stoker,  2.462.  2,468. 


(i^fn'^ifleRnt  fuels,  2,440-2.443. 

various,  ilU.,  2,437-2.450. 
ter,    down    drauaht,    Hawley,    ilk 
2,457. 


H 


epen,  heater,  ills..  2,776,  2,777. 
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Hoppes.  illi.,  2. 778. 
HTKi,  iUi.,  2,780. 
■team  punUcTi  2,775- 
Kt  tube,  cloKd,  NBtioiul,  2, 


Buk^te,  2.337. 

vBiiationi,  bolim,  2'e48.  2.7fi0. 
jp,  stuiD,  paiU,  dels'.,  2,7tM,  Oil.,  2.7S6. 


M 


Eydraulic  press,  ills.,  2.430. 
pUoer,  pUu,  ills.,  2,420. 
plats  beadins,  ills..  2,421. 
pUDOh,  centenna  rivet  holes,  ills..  2.410. 
Masnesia,  des.,  2,333. 
MasuBiuni  carbonate,  tles.^  2.333. 
*'-  ' -e  through  tube  vertical,  for  author's 
steamer  Stornowag  II,  method 
□f  desifn,  2.38T-2,4ie. 
inical  draught.  2.615-2.652. 
-  ■     J,  ills.,  2,627. 


various  types.  2,710-2,720. 
Inspection,  boiler,  2.2eS-2,27a. 
losutation,  boiler,  2.422.  2,590,  2,Sfl7. 


forced  disui^,  aee  Forced  dnuaht. 


K 


stack  size,  table,  2.504. 
Kerosene,  scale  lemovinH,  2,338,  2,348. 
Koerting,  hydroldnetw^,  2.272.  2,273. 

injectors,  ills.,  2,718. 


stokers,  see  Stol^rs.  tnechamcal. 
eter,  fsed  water,  flow  noule,  ills.,  2,769. 

fi<ne,  noiile,  ll-tube.  ills.,  2,760,  2.774. 
orifice  tube,  tlla.,  2,770. 
pitot  tube.  ills,.  2,770,  2,774. 

sleam,  by-pasa,  2.820. 
onareh.  oil  burner,  ills.,  2.502. 

tube  blower,  ills.,  2,737. 
oore  &  Scott  oil  burners,  ills.,  2,S21. 
ud,  drum,  water  tube  boiler,  ills.,  2,250. 


N 


Nipides,  repUciog,  i: 


Lazv  bar,  use,  ills.,  2.200. 
Leak,  air,  detector,  ills.,  2.348. 
Leakage,  boiler,  causes.  2.352,  2 


Oil  burner,  air  supply.  2,503. 
sUmittr,  Best,  ills.,  2.504.  S 

Billow,  ills.,  2.512. 
Bailey,  ills.,  2.518,  2.519. 
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contrif ugal, '  2 ,49*-2  ,«0. 
clAHiticationt  2 1493- 
CDmbustiOTi,  proper,  2.G27. 


fsmaci,  bnck  wark,  melting  out,  2 
dMifB.  2,490, 2.491,  2,500,  2.S1 
BalKocli:  &  Wilcoji,  ills.,  2,4i 
Cava  draught,  ills.,  2.492. 


Oil  burning  plants,  points,  2,492. 

contaSinItion,1eBi  water.  2.T7T. 
fud,  buniing.  requirements,  2,489. 
zMcAd),  2,596. 

Uble,  2,600,  2,601. 
heat  insulator  boiler,  2.340. 


Pressure,  drop,  boilen 


ydrostatic,  boiler,  U.  S.  Marin*  Rait; 

2.269. 
ng,  boiler  aperation,  ills.,  2,316,  2^17. 
I,  air,  condenser,  steun,  ilk.,  2,809. 

hot  well,  boiler,  ms.,  2.74a. 

ills.,  2,774,2,780. 
oiier  fad,  wihauat,  2,750,  2.751. 

independent,  2,TS1. 

injector,  2,750. 

selection,  2,750. 
irine,  2.7S3. 
iicuUting,  ills.,  2,774. 
ugine  dnven,  2,312,  2.747-2,748. 
eed,  see  Boiler,  feid  pxmp. 
Independent,  ills.,  2.312. 


la  types,  2,732-2,734. 


Pa£h,"loiler,  '2.Z! 
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R 

Rscins  oil  buRung  ByBtem,  ills.,  2,S03. 
Kaising,  Bt«am,  vertical  thrDuah  tubo  boilcTi 
author' t    I  Tactic*   lo   avoid 
burnt  lubsM.  2,311. 
Ratio,  heating  surtace,  ills.,  2.372. 
Reaction,  chemical,  hsat,  tSrci,  2,342. 
Re-ogent,  def.,  2,331. 
Keflex  water  sauge,  ilia.,  2,700. 
RepairCa),  boiler,  2,347. 

bulged  circular  furoaces,  2,350. 

bul^eg,  2,346. 

bumed  plat«,  2,3fi0. 

craclied  tube  sheet,  iUi.,  2.357. 

cracla,  2,319. 

leaky  tubes,  ills.,  2,351. 

split  lubes,' 2, 3S I. 
Rivets,   boilET,   inspection,    (7.    S.   Marina 

Ruin,  2.269. 
Roper's  so-called  rul(^s,  2,668. 
Rules,  Satitw  Valve,  2.HG9-2.6S2. 
set,  A.S.M.E.  BolUr  Code. 
B.  S.  Marine  Rulw. 
V.  S.  Savw  Bureau. 
Rust  and  Mxtosion,  2,323,  2,324, 

s 

Safety  valve,  ana,  2,670,  2.S7S. 
baU,  2,675. 

calculations,  2,667,  2.ST7,  2.67S. 
care,  2.6S6. 
defects,  2,667. 
elementary,  ills.,  2,654. 
equation,  2.S79. 
foree(5),  2,675,  2,076,  2,677. 
fulcrum,  2.675. 

icnr,  angle  pattema,  ills.,  3,683. 
coiHtruetioo,  2,657. 

pressure  regulation,  2,658. 
parts,  ills.,  2.655. 
niHiine.  valve  Beat,  ills.,  2,663. 

top,  blowing  off,  regulation,  2,622. 
cons.,  ills.,  2,665-2.086. 

principle,  2,675. 

prohlema,  2.668. 

rules,  2.660-2,682. 

spring,  construction,  2,660-2,662, 
^    .see  Spring  safety  vaive. 
SahnomeUr,  Cong's,  ills.,  2,334. 
Salt,  dea.,  2.334. 

Scotch,  yoke,  pumps,  ills.,  2,748,  2.749. 
Scum,  scoop,  Qls.,  2,339,  2,340. 
Sgparatoc{3),  boiler,  weight,  2.415. 

cone,  2.265,  2,368,  2,406,  2.407. 

boiler,'5^i',''2"41-2.746,  " 


sa  of,  2,44S. 
on,  2.448,  2,449, 
am  jet,  ills.,  2.3M. 


e.  boiln,  ills.,  2,3GS,  2, 


Spectacle  piece,  boiln, 
Spring  safety  valvei  cc 

pot,  advantagss,  le.nn. 

cons.,  ins.,  2.6aS,  2.666. 
popping,  2,601. 
StacL,  area,  oil  fuel,  2,600. 
breeching,  2.612,  2.614. 
tapacily^ti),  2,610. 

altitude,  effect,  2,008. 
csnnection,  boiler.  lUs.,  2.GS0. 
construction,  ills.,  2,002. 
foundations,  ilb.,  2,60^3,614. 
*       *"  .,  2,587. 


Hi  fuel,  2. 


>  of,  2,015, 2,eie. 


^1,  X?™5  formula,  a,oi». 

oilfuel,  table,  2.601. 
table,  2,598. 
smokt,  area  per  1 .000  horM  power,  3.SS4. 

KnnicliiM{i1,  2,012,  2,014. 
taper  or  batter,  ills.,  2,001. 

wo^^eK?aid. 
Stay,  Mu,  boiler,  location,  ills.,  2,392,  3,393. 
Stay  rods,  ills.,  2.570. 
Steam,  apparatus,  ills.,  2,783-2.798. 
collector,  2,265,  2,368,  2.400,  2,407. 
condenser,  2,774,  2,776,  2,776,   2,780, 

2.809. 
ntiiu,  cylinder  drains,  2.820. 

oscillating,  Graham,  marine  transfer 
espanaion.  ilia.,  2,628. 

transfer  expansion,  marine  oscillat- 
ing, the  author's,  ills.,  2,82&. 

trunlc  piston,  etc..  Ills..  2.628. 
ahausl,  feed  heater,  ills.,  2.774-2,776. 

oil  separator,  ills.,  2,742. 
lautt,  2,704^2,710. 

See  GBUge(,l  steam, 
hose,  care  of,  2,730. 
loop,  2.785,  2,786. 
meterta),  ills.,  2,769-2,773,  2.79S. 
purifier,  3.77S, 
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IX 


Steam, — Continued 

satt2rated»  ills.,  2.3dS. 
separator {s),  2,783. 

elementary,  ills.,  2,784. 
various,    2,265,    2,368,    2,406,    2.407, 

2,774,  2,776. 
superheated,  ilk.,  2,368. 
turbine,  see  Turbine. 
Steel,  plates,  boilers,  2,390,  2,39} . 
sheets,  unit  weights,  2,411. 
oil  burner,  ills.,  2,491. 
Stokers,  mechanical,  2,459-2,488. 

automatic,  shovel,  Parsons,  ills.,  2,480. 
balanced  draught,  two  cyl.  control,  2,647. 
'chain  grate,  2,482-2,486. 

Babcock  &  Wilcox,  2,482,  2,484. 
Green  inclined,  ills.,  2,483. 
clinker,  crusher,  ills.,  2,463,  2,468. 
coal,  best  for,  2,464. 
fuel,  2,464,  2,489. 
'  feed  adjustment,  2,482. 

grate  bars,  Detroit,  standard,  2,468. 
mechanical  draught,  ills.,  2,617,  2,627. 
overfeed,  2,463. 

Detroit,  ills.,  2.467. 
Murphy,  ills.,  2,461,  2,464. 
operating  instructions, 
2,465. 
Wilkinson,  ills.,  2,460. 
rotary,  2,476,  2,479. 
side  overfeed,  2,461,  2,462,  2,465,  2.467. 
underfeed,  2,468,  2,617. 

Riley,     operating     instructions, 
2.474. 
rocker  dump,  ills.,  2,477. 
self-dumping,      2,470,      2,472, 
2  473. 
Taylor,  ills.,  2*478,  2,479. 
Jones,  ills.,  2,469,  2,617. 
Sulphates,  def.,  2,332. 

of  lime  test,  boiler  operation,  2,337. 
Surface,  condenser,  steam^  ills.,  2,809. 
heating  grate,  ratio,  ills.,  2,372. 


T 


Table,  air  space,  2,443. 

available  draught,  chimney,  2,588. 
boilers  and  furnaces,  efficiency  and  ca- 
pacity, 2,624. 
boiler  setting  dimensions,  2,537. 
draught,  chimney,  2,593. 

pressure,  chimney,  2,621. 
required,  various  coals,  2,621 
various  fuels,  2,443. 
expansion,  pipe,  2,811. 
properties  of  boiler  tubes,  2,397. 
proportions  vertical  boilers,  2,395. 
self-supporting  stacks,  2,608. 
stack  sizes,  2.594,  2.598,  2,601. 
steam  flow,  pipe,  2,808. 
temperature,  effect  on  draught,  2,621. 
7anks,  feed  water,  ills.,  2,738. 


Temperature,  chimney,  2,373,  2,620. 

constants,  chimney,  2.590. 
Test(s),  hydraulic^  welded  pipe,  2,804. 
Thompson,  soot  ejector,  ills.,  2,736. 
Tin,  Banca,  2,722. 
Tool(s),  beading,  ills.,  2,353,  2,431. 

caulking,  boiler,  ills.,  2,359. 

chisel,  plough,  ills.,  2,353. 

fire,  boiler  operation,  ills.,  2,276. 
Trap,  bucket,  Kieley,  ills.,  2,790. 
Trap(s),  steam,  by-pass,  2,820. 

class.,  2,789. 

various,  ills.,  2.783,  2,788-2,795. 

Goodfellow,  ills.,  2,735. 
Tubals),  drilling  sheets  for,  ills.,  2,404,  2,405. 

efficiency,  ills.,  2.368. 

expanding,  2,431. 

Galloway,  fractured,  2,327,  2,328. 

lap  welded,  splitting,  2,355. 

leaky,  repairing,  ills.,  2,351. 

number  and  size  requited,  2,397-2.401. 

properties,  table,  2.397. 

spacing,  ills.,  2,380. 

sheetis),  and  tubes,  boiler,  2,401-2,406. 
cracked,  repairing,  ills.,  2,357. 
drUling,   2,395-2,397-2,401,   2,404, 

for  tubes,  ills.,  2,404,  2,405. 
selection,  diag.,  2.383. 
trial  layout,  author's  boiler  design 
for    steamer    Stornoway    11, 
ills.,  2,398. 
V,  8.  Marine  Rules,  2,402. 

stopper,  applying,  2,351,  2,352. 
Turbine,  bleeder,  ills.,  2.774. 

condensing  plant,  ills.,  2,775. 

installation, ills.,  2.635. 

forced  draiight.  Wing,  ills.,  2,638. 

mixed  flow,  ills.,  2,774,  2.776. 

plant,  steam,  ills.,  2.774,  2,775. 

pump,  independent,  2.751. 

three-stage,  class  C,  ills.,  2.754. 

wheel,  turbine  blower,  ills.,  2,642. 


U 


U,  S.  Marine  Rules,  drilling,  2.269. 

fusible  plugs,  2,721. 

hydrostatic  pressure  test,  2,269. 

inspection,  2,269. 

joints,  lap,  2,402. 

pressure,  hydrostatic  test,  2.2Q9. 

rivets,  2,269. 

safety  valves,  2,658,  2,659,  2,661,  2,672, 
2,681-2,683. 

testing,  hydrostatic  pressure,  2,269. 
U,  S,  Navy  Bureau,  air  control,  ills.,  2,519. 

firing  directions,  2,289-2,292. 
17.  ;S^.  Bureau  of  Mines,  fuel  bed,  2,303. 


V 


Vacuum,  steam,  condenser,  ills.^  2,809. 
Valve,  angle,  condensing  plant,  ills.,  2,775. 
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'Wstsr,  boiler  operation,  softenlnB,  2,31 
feed,  Ke  P«^  water. 
(!»«'•  3,608-2.703. 

cocks,  des.,  S.Sg2. 

testing.  2.310. 
bamme^.SOe.  2,811,  S,S12. 
tevet,  boiler,  2,303,  2.310,  2.7eS. 
poclst,  Bpedal,  ilia.,  2,820. 
testins,  acid,  2.330,  2,337. 
tube,  bearing  bars,  ills.,  2,306. 


Whistli 


twiler,  2,722-2,726. 
sisam,  required,  2.720. 
lies,  boiler,  ills.,  2,081,  2,418. 


Venksl  boiIer(s),  details,  2.368. 


is),  detail! 


Stotnaanp  n,  2,33' 
settings  for,  ills.,  2,530. 
apenings.  ills.,  2,237. 


pipeifittiiigs,  ilIs.,;2.S0a,  2,S07. 


Y 

.,12.soa, 

z 


Zinc,  boiler  operation,  u: 
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